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BOVINE ADENO- ASSOCIATED VIRAL (BAAV) 
VECTOR AND USES THEREOF 



CROSS-REFERENCE TO RELATED APPLICATIONS 

5 

This application claims benefit of U.S. Provisional Application No. 60/526786, filed 
December 4, 2003 and of U.S. Provisional Application No. 60/607854 filed September 8, 
2004, which are hereby incorporated herein by reference in their entirety. 

1 0 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention provides bovine adeno-associated virus (BAAV) and vectors 
derived therefrom. Thus, the present invention relates to BAAV vectors for and methods of 
15 delivering nucleic acids to cells of subjects. 

Background Art 

Adeno-associated virus (AAV) is a member of the Parvoviridae, a virus family 
characterized by a single stranded linear DNA genome and a small icosahedral shaped 

20 capsid measuring about 20nm in diameter. AAV was first described as a contamination of 
tissue culture grown simian virus 15, a simian adenovirus and was found dependent on 
adenovirus for measurable replication. This lead to its name, adeno-associated virus, and its 
classification in the genus Dependovirus (reviewed in Hoggan et al., 1970). AAV is a 
common contaminant of adenovirus samples and has been isolated from human virus 

25 samples (AAV2, AAV3, AAV5), from samples of simian virus-15 infected cells (AAV1, 
AAV4) as well as from stocks of avian (AAAV) (Bossis and Chiorini, 2003), bovine, 
canine and ovine adenovirus and laboratory adenovirus type 5 stock (AAV6). DNA 
spanning the entire rep-cap ORFs of AAV7 and AAV8 was amplified by PCR from heart 
tissue of rhesus monkeys (Gao et al., 2002). 

30 With the exception of AAVs 1 and 6, all cloned AAV isolates appear to be serologically 

distinct. Nine isolates have been cloned, and recombinant viral stocks have been generated 

from each isolated virus. 

AAV appears to commonly infect humans. 50%-80% of adults in North America are 

seropositive for AAV. A steep rise in antibody response against AAV 1-3 was observed in 
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the age group between 1-10 years (Blacklow et al., 1968). AAV 2 and 3 were readily 
isolated from anal and throat specimens from children (Blacklow et al., 1967) whereas 
isolation from adults was not observed. It appears that AAV spreads primarily in the young 
population (Hoggan, 1970). Prevalence of antibodies against AAV was found to be similar 
5 in Europe, Brazil and Japan, which suggests a global spread of AAV (Erles et al., 1999). 
Infection with AAV appears to be benign in man and laboratory animals. Currently, no 
disease has been associated with AAV infections. 

AAV2 is the best characterized adeno-associated virus and will be discussed as an 
AAV prototype. The AAV2 genome consists of a linear single stranded DNA of 4,780 

10 nucleotides. Both polarities of DNA are encapsulated by AAV with equal efficiency. The 
AAV2 genome contains 2 open reading frames (ORF) named rep and cap. The rep ORF 
encodes the non-structural proteins that are essential for viral DNA replication, packaging 
and AAV integration. The cap ORF encodes the capsid proteins. The rep ORF is transcribed 
from promoters at map units P5 and PI 9. The rep transcripts contain an intron close to the 

15 3' end of the rep ORF and can be alternatively spliced. The rep ORF is therefore expressed 
as 4 partially overlapping proteins, which were termed according to their molecular weight 
Rep78, 68, 52 and 40. The cap ORF is expressed from a single promoter at P40. By 
alternative splicing and utilization of an alternative ACG start codon, cap is expressed into 
the capsid proteins VP 1-3 which range in size from 65-86 kDa. VP3 is the most abundant 

20 capsid protein and constitutes 80% of the AAV2 capsid. All viral transcripts terminate at a 
polyA signal at map unit 96. 

During a productive AAV2 infection, unspliced mRNAs from the p5 promoter 
encoding Rep78 are the first detectable viral transcripts. In the course of infection, 
expression from P5, P19 and P40 increase to 1:3:18 levels respectively. The levels of 

25 spliced transcripts increased to 50% for P5, P19 products and 90% of P40 expressed RNA 
(Mouw and Pintel, 2000). 

The AAV2 genome is terminated on both sides by inverted terminal repeats (ITRs) 
of 145 nucleotides (nt). 125 nt of the ITR constitute a palindrome which contains 2 internal 
palindromes of 21 nt each. The ITR can foldrbaek-on itself to generate a T-shaped hairpin 

30 with only 7 non-paired bases. The stem of the ITR contains a Rep binding site (RBS) and a 
sequence that is site and strand specifically cleaved by Rep - the terminal resolution site 
(TRS). The ITR is essential for AAV2 genome replication, integration and contains the 
packaging signals. 

The single-stranded AAV2 genome is packaged into a non-enveloped icosahedral 
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shaped capsid of about 20-25 nm diameter. The virion consists of 26% DNA and 74% 
protein and has a density of 1.41 g/cm 3 . AAV2 particles are extremely stable and can 
withstand heating to 60°C for 1 hour, extreme ph, and extraction with organic solvents. 
Rep proteins are involved in almost every step of AAV2 replication including 
5 AAV2 genome replication, integration, and packaging. Rep78 and Rep68 possess ATPase, 
3 '-5' helicase, ligase and nicking activities and bind specifically to DNA. Rep52 and Rep40 
appear to be involved in the encapsidation process and encode ATPase and 3'-5* helicase 
activities. Mutational analysis suggests a domain structure for Rep78. The N-terminal 225 
aa are involved in DNA binding, DNA nicking and ligation. Rep78 and Rep68 recognize a 

10 GCTC repeat motif in the ITR as well as in a linear truncated form of the ITR (Chiorini et 
al., 1994) with similar efficiencies. Rep78 and Rep68 possess a sequence and strand specific 
endonuclease activity, which cleaves the ITR at the terminal resolution site (TRS). Rep 
endonuclease activity is dependent on nucleoside triphosphate hydrolysis and presence of 
metal cations. Rep 78 and 68 can also bind and cleave single stranded DNA in a NTP 

1 5 independent matter. In addition, Rep78 catalyzes rejoining of single stranded DNA 

substrates originating from the AAV2 origin of replication - i.e., sequences containing a rep 
binding and terminal resolution element. 

The central region of AAV2 Rep78, which represents the N-terminus of Rep52 and 
Rep40, contains the ATPase and 3' -5' helicase activities as well as nuclear localization 

20 signals. The helicase activity unwinds DNA-DNA and DNA-RNA duplexes, but not RNA- 
RNA. The ATPase activity is constitutive and independent of a DNA substrate. The C- 
terminus of Rep78 contains a potential zinc-finger domain and can inhibit the cellular 
serine/threonine kinase activity of PKA as well as its homolog PRKX by pseudosubstrate 
inhibition. Rep68 which is translated from a spliced mRNA that encodes the N-terminal 529 

25 amino acids (aa) of Rep78 fused to 7 aa unique for Rep68, doesn't inhibit either PKA or 

PRKX. In addition to these biochemical activities, Rep can affect intracellular conditions by 
protein-protein interactions. Rep78 binds to a variety of cellular proteins including 
transcription factors like SP-1, high-mobility-group non-histone protein 1 (HMG-1) and the 
oncosuppressor p53. Overexpression of Rep results in pleiotrophic effects. Rep78 disrupts 

30 cell cycle progression and inhibits transformation by cellular and viral oncogenes. In 

susceptible cell lines, overexpression of Rep resulted in apoptosis and cell death. Several of 

Rep78 activities contribute to cytotoxicity, including its constitutive ATPase activity, 

interference with cellular gene expression and protein interactions. 

The first step of an AAV infection is binding to the cell surface. Receptors and 
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coreceptors for AAV2 include heparan sulfate proteoglycan, fibroblast growth factor 
receptor-1, and ct v p5 integrins whereas N-linked 2,3-linked sialic acid is required for AAV5 
binding and transduction (Walters et al., 2001). In HeLa cells, fluorescently labeled AAV2 
particles appear to enter the cell via receptor-mediated endocytosis in clathrin coated pits. 
5 More than 60% of bound virus was internalized within 10 min after infection. Labeled AAV 
particles are observed to have escaped from the endosome, been trafficked via the 
cytoplasm to the cell nucleus and accumulated perinuclear, before entering the nucleus, 
probably via nuclear pore complex (NPC). AAV2 particles have been detected in the 
nucleus, suggesting that uncoating takes place in the nucleus (Bartlett et al., 2000; Sanlioglu 

10 et al., 2000). AAV5 is internalized in HeLa cells predominantly by clathrin coated vesicles, 
but to a lesser degree also in noncoated pits. AAV particles can also be trafficked 
intercellularly via the Golgi apparatus (Bantel-Schaal et al., 2002). At least partial uncoating 
of AAV5 was suggested to take place before entering the nucleus since intact AAV5 
particles could not be detected in the nucleus (Bantel-Schaal et al., 2002) After uncoating, 

1 5 the single stranded genome is converted into duplex DNA either by leading strand synthesis 
or annealing of input DNA of opposite polarity. AAV replication takes place within the 
nucleus. 

During a co-infection with a helper virus such as Adenovirus, herpes simplex virus 
or cytomegalovirus, AAV is capable of an efficient productive replication. The helper 

20 functions provided by Adenovirus have been studied in great detail. In human embryonic 
kidney 293 cells, which constitutively express the Adenovirus El A and E1B genes, the 
early Adenovirus gene products of E2A, E4 and VA were found sufficient to allow 
replication of recombinant AAV. Allen et al. reported that efficient production of rAAV is 
possible in 293 cells transfected with only an E4orf6 expression plasmid (Allen et al., 

25 2000). El A stimulates S phase entry and induces unscheduled DNA synthesis by 

inactivating the pRB checkpoint at the Gl/S border by interaction with pRB family proteins 
which results in the release of E2F (reviewed in (Ben-Israel and Kleinberger, 2002). This 
leads to either induction or activation of enzymes involved in nucleotide synthesis and DNA 
replication. Since unscheduled DNA synthesis is a strong apoptotic signal, anti-apoptotic 

30 functions are required. ElB-19k is a Bcl-2 homolog and ElB-55k is a p53 antagonist. Both 
proteins have anti-apoptotic functions. E4orf6 forms a complex with ElB-55k and results in 
degradation of p53. It is also reported to cause S-phase arrest (Ben-Israel and Kleinberger, 
2002). E2A encodes a single strand DNA binding protein, which appears to be non-essential 
for DNA replication but effects gene expression (Chang and Shenk, 1990) (Fields 39, 40). 
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The VA transcription unit affects AAV2 RNA stability and translation (Janik et al., 1989). 
El A has a more direct effect on AAV2 gene expression. The cellular transcription factor 
YY-1 binds and inhibits the viral P5 promoter. El A relieves this transcriptional block. 
None of the late Ad gene products have been found to be essential for AAV2 replication. 
5 The main function of the helper virus appears to be the generation of a cellular environment 
with active DNA replication machinery and blocked pro-apoptotic functions that allows 
high-level AAV replication rather than a direct involvement in AAV replication. 

While AAV is usually dependent on a helper virus for efficient replication, low level 
AAV replication was observed under conditions of genotoxic stress (Y akinoglu et al., 1988; 

10 Yakobson et aL, 1989). AAV DNA replication and particle formation was also observed in 
differentiating keratinocytes in the absence of helper virus infection (Meyers et al., 2000). 
This demonstrates that AAV is not defective per se but rather depends on the helper virus to 
establish the favorable cellular condition and to provide factors for efficient replication 

The ability of AAV vectors to infect dividing and non-dividing cells, establish long- 

1 5 term transgene expression, and the lack of pathogenicity has made them attractive for use in 
gene therapy applications. Lack of cross competition in binding experiments suggests that 
each AAV serotype may have a distinct mechanism of cell entry. Comparison of the cap 
ORFs from different serotypes has identified blocks of conserved and divergent sequence, 
with most of the latter residing on the exterior of the virion, thus explaining the altered 

20 tissue tropism among serotypes (19-21, 48, 56). Vectors based on new AAV serotypes may 
have different host range and different immunological properties, thus allowing for more 
efficient transduction in certain cell types. In addition, characterization of new serotypes 
will aid in identifying viral elements required for altered tissue tropism. 

Hearing and balance depend on the function of inner ear sensory epithelia, which 

25 consists of hair cells and a number of supporting cells that provide mechanical support for 
the sensory cells. The development of efficient transgene delivery for the inner ear is an 
important step towards potential application of gene-based therapies for cochlear disorders. 
Recently, a number of genes implicated in inherited peripheral hearing and vestibular 
disorders that affect specific cell types have been described. For example, a mutation of 

30 espin causes stereocilia degeneration (Naz, S., et al. J Med Genet. 2004 Aug;41(8):591-5), 

while mutations in connexins disrupt junctions between supporting cells (Kelsell, D.P., et 

al. Nature. 1997 May l;387(6628):80-3), these references herein incorporated by reference 

for the teaching of these mutations. 

Some hereditary hearing loss disorders as well as progressive forms of deafness such 
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as age-related hearing loss comprise excellent targets for gene therapy. 

Currently, methods for introducing transgenes into neuroepithelial cells in the inner 
ear are unsatisfactory. Several gene transfer vectors including adeno-, lenti-, herpes simplex, 
and adenoassociated virus were characterized both in vivo and in vitro using cultured inner 
5 ear sensory epithelia explants. While promising, each system had limitations concerning 
transduction efficiency, tropism, or non-specific pathology induced by the vector (Holt 
2002)(Derby, Sena-Esteves et al. 1999; Holt, Johns et al. 1999). Conventional transfection 
methods using cationic lipids, DEAE-Dextran or calcium phosphate or electroporation are 
not effective in inner ear epithelia and cause tissue degeneration. Transgenes may be 

1 0 introduced into sensory and nonsensory cells using a Gene Gun™, where plasmids 

precipitated on gold carriers are introduced into cells using high-pressure helium. While this 
approach offers the advantage of rapid and simultaneous gene expression in all transfected 
cells, and the ability to use easily manipulated plasmid DNA's, the extremely low yield of 
transfection as well as nonspecific structural damage to epithelia restricts its utility. 

1 5 Provided is a vector comprising the BAAV virus or a vector comprising subparts of 

the virus, as well as BAAV viral particles. While BAAV is similar to AAV 1-8, the viruses 
are found herein to be physically and genetically distinct. These differences endow BAAV 
with some unique properties and advantages, which better suit it as a vector for gene 
therapy or gene transfer applications. 

20 As shown herein, BAAV capsid proteins are distinct from primate and avian AAV 

capsid proteins and BAAV exhibits a distinct cell tropism, thus making BAAV capsid- 
containing particles suitable for transducing cell types for which primate or avian 
recombinant AAV particles are unsuited or less well-suited. BAAV is serologically distinct 
from other AAVs and humans are not reported to have neutralizing antibodies against 

25 BAAV, thus in a gene therapy application, BAAV would allow for transduction of a patient 
who already possesses neutralizing antibodies to primate isolates either as a result of natural 
immunological defense or fromurior exposure-to other vectors. Thus, by providing these 
new recombinant vectors and particles based on BAAV, a new and highly useful series of 
vectors and methods of using thenrare-provided^ — 

30 
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SUMMARY OF THE INVENTION 

A nucleic acid vector comprising a pair of bovine adeno-associated virus (BAAV) 
inverted terminal repeats and a promoter between the inverted terminal repeats is provided. 
5 Further provided is a BAAV particle containing a vector comprising a pair of 

BAAV inverted terminal repeats. 

Further provided is a BAAV particle containing a vector comprising a pair of AAV1 
inverted terminal repeats. 

Further provided is a BAAV particle containing a vector comprising a pair of AAV2 
1 0 inverted terminal repeats . 

Further provided is a BAAV particle containing a vector comprising a pair of AAV3 
inverted terminal repeats. 

Further provided is a BAAV particle containing a vector comprising a pair of AAV4 
inverted terminal repeats. 
15 Further provided is a BAAV particle containing a vector comprising a pair of AAV5 

inverted terminal repeats. 

Further provided is a BAAV particle containing a vector comprising a pair of AAV6 
inverted terminal repeats. 

Further provided is a BAAV particle containing a vector comprising a pair of AAV7 
20 inverted terminal repeats. 

Further provided is a BAAV particle containing a vector comprising a pair of AAV8 
inverted terminal repeats. 

Further provided is a BAAV particle containing a vector comprising a pair of 
AAAV inverted terminal repeats. 
25 Further provided is a BAAV particle containing a vector comprising a pair of AAV5 

inverted terminal repeats. 

Further provided is an AAV1 particle containing a vector comprising a pair of 
BAAV inverted terminal repeats. 

Further provided is an AAV2 particle containing a vector comprising a pair of 
30 BAAV inverted terminal repeats. 

Further provided is an AAV3 particle containing a vector comprising a pair of 
BAAV inverted terminal repeats. 
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Further provided is an AAV4 particle containing a vector comprising a pair of 
BAAV inverted terminal repeats. 

Further provided is an AAV5 particle containing a vector comprising a pair of 
BAAV inverted terminal repeats. 
5 Further provided is an AAV6 particle containing a vector comprising a pair of 

BAAV inverted terminal repeats. 

Further provided is an AAV7 particle containing a vector comprising a pair of 
BAAV inverted terminal repeats. 

Further provided is an AAV8 particle containing a vector comprising a pair of 
10 BAAV inverted terminal repeats. 

Further provided is an AAAV particle containing a vector comprising a pair of 
BAAV inverted terminal repeats 

Further provided is a dependovirus particle containing a vector comprising a pair of 
BAAV inverted terminal repeats 
1 5 Additionally, provided is an isolated nucleic acid comprising the nucleotide 

sequence set forth in SEQ ID NO:l (BAAV genome). Furthermore, provided is an isolated 
nucleic acid consisting essentially of the nucleotide sequence set forth in SEQ ID NO:l 
(BAAV genome). 

Provided is an isolated nucleic acid encoding a BAAV Rep78 protein, for example, 
20 the nucleic acid as set forth in SEQ ID NO:2. Additionally provided is an isolated full- 
length BAAV Rep78 protein as set forth in SEQ ID NO:3 or a unique fragment thereof. 
Additionally, provided is an isolated BAAV Rep 52 protein encoded by nucleic acid as set 
forth in SEQ ID NO:4 having the amino acid sequence set forth in SEQ ID NO:5, or a 
unique fragment thereof. The sequences for these proteins as well as the nucleotide 
25 sequence of the corresponding open reading frames are provided below in the Sequence 
Listing and elsewhere in the appli c a t ion WB ci 'tfffic"pio teins are described. 

Further provided is an isolated BAAV capsid protein, VP1, encoded by nucleic acid 
as set forth in SEQ ID NO:6 having the amino acid sequence set forth in SEQ ID NO:7, or a 
unique fragment thereof Additionally provided is an isolated BAAV capsid protein, VP2, 
30 encoded by nucleic acid as set forth in SEQ ED NO:8 having the amino acid sequence set 
forth in SEQ ID NO:9, or a unique fragment thereof. Also provided is an isolated BAAV 
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capsid protein, VP3, encoded by nucleic acid as set forth in SEQ ID NO: 10 having the 
amino acid sequence set forth in SEQ ID NO:l 1, or a unique fragment thereof. 

Additionally provided is an isolated nucleic acid comprising a BAAV p5 promoter 
having the nucleic acid sequence set forth in SEQ ID NO: 15, or a unique fragment thereof 
5 Provided is a method of screening a cell for infectivity by BAAV comprising 

contacting the cell with BAAV and detecting the presence of BAAV in the cells. 

Further provided is a method of delivering a nucleic acid to a cell comprising 
administering to the cell a BAAV particle containing a vector comprising the nucleic acid 
inserted between a pair of AAV inverted terminal repeats, thereby delivering the nucleic 
10 acid to the cell. 

Further provided is a method of delivering a nucleic acid to a subject comprising 
administering to a cell from the subject a BAAV particle comprising the nucleic acid 
inserted between a pair of AAV inverted terminal repeats, and returning the cell to the 
subject, thereby delivering the nucleic acid to the subject. 
1 5 Further provided is a method of delivering a nucleic acid to a cell in a subject 

comprising administering to the subject a BAAV particle comprising the nucleic acid 
inserted between a pair of AAV inverted terminal repeats, thereby delivering the nucleic 
acid to a cell in the subject. 

Further provided is a method of delivering a nucleic acid to a cell in a subject having 
20 antibodies to other serotypes of AAV comprising administering to the subject a BAAV 
particle comprising the nucleic acid, thereby delivering the nucleic acid to a cell in the 
subject. 

Further provided is a BAAV particle comprising a capsid protein consisting 
essentially of the amino acid sequence set forth in SEQ ID NO:7, or a unique fragment 
25 thereof. Further provided is a BAAV particle comprising a capsid protein consisting 
essentially of the amino acid sequence set forth m SEQ ID NO:9, or a unique fragment 
thereof. Further provided is a BAAV particle comprising a capsid protein consisting 
essentially of the amino acid sequence set forth in SEQ ID NO:l 1, or a unique fragment 
thereof. 

30 Additionally provided is an isolated nucleic acid comprising a BAAV p5 promoter 

having the nucleic acid sequence set forth in SEQ ID NO: 15, or a unique fragment thereof. 



9 



WO 2005/056807 PCI7US2004/040825 



Provided is a method of screening a cell for infectivity by BAAV, comprising 
contacting the cell with BAAV and detecting the presence of BAAV in the cells. 

Further provided is a method of delivering a nucleic acid to a cell comprising 
administering to the cell a BAAV particle containing a vector comprising the nucleic acid 
5 inserted between a pair of AAV inverted terminal repeats, thereby delivering the nucleic 
acid to the cell. 

Further provided is a method of delivering a nucleic acid to a subject comprising 
administering to a cell from the subject a BAAV particle comprising the nucleic acid 
inserted between a pair of BAAV inverted terminal repeats, and returning the cell to the 

10 subject, thereby delivering the nucleic acid to the subject. 

Further provided is a method of delivering a nucleic acid to a cell in a subject 
comprising administering to the subject a BAAV particle comprising the nucleic acid 
inserted between a pair of BAAV inverted terminal repeats, thereby delivering the nucleic 
acid to a cell in the subject. 

15 Further provided is a method of delivering a nucleic acid to a cell in a subject having 

antibodies to primate AAVs comprising administering to the subject a BAAV particle 
comprising the nucleic acid, thereby delivering the nucleic acid to a cell in the subject. 

Provided is a vector system for producing infectious virus particles having a 
characteristic of BAAV comprising: at least one vector comprising a nucleic acid selected 

20 from the group consisting of a pair of BAAV inverted terminal repeats, a nucleic acid 
encoding a BAAV capsid protein, and a nucleic acid encoding a BAAV Rep protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 shows an example of the BAAV genome. (A) The genomes of BAAV, 

AAV2, AAV4 and AAV5 were aligned using MacVector (Oxford Molecular). Nucleotides 
identical in at least 2 AAV serotypes are displayed boxed and shaded. (B) Phylogenetic 
relationship of BAAV to other AAV serotypes is illustrated by an unrooted tree diagram. 
Figure 2 shows an example of a BAAV ITR. The sequence of the ITR is shown in 

30 hairpin confirmation. The putative Rep binding site and TRS element are boxed. Sequence 
changes relative to the AAVS ITR are annotated either above or below the BAAV sequence 
in bold letters. 

10 
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Figure 3 illustrated comparisons of Rep and Vpl amino acid sequences. The (A) rep 
and (B) cap ORFs of B AAV were aligned to the corresponding amino acid sequences of 
AAV2, AAV5 and AAV2, AAV respectively using Mac Vector. Identical amino acids are 
indicated by a dark shaded box, similar amino acids by a light shaded box. Dashes indicate 
5 gaps in the sequence added by the alignment program. Phylogenetic relationship of (C) 

BAAV Rep and (D) Vpl to other AAV serotypes is illustrated by an unrooted tree diagram. 

Figure 4 shows the transduction profile of BAAV in 60 cancer cell lines. Human cell 
lines were infected with rBAAV expressing lacZ in serial dilutions and coinfected with a 
MOI of 10 with Ad5. Columns represent beta-Gal transducing units/ 10 9 DNAse resistant 

10 r AAV particles. 

Figure 5 shows that BAAV elicits a distinct immune response in mice. rB AAVlacZ 
(A) and rAAV41acZ (B) were incubated with serial dilutions of polyclonal mice serum 
against rAAV2, rAAV4, rAAV5 and rBAAV. Cos cells coinfected with Ad5 (MOI = 10) 
were incubated with the virus/serum mixture. % neutralization was calculated by the 

15 formula: lOOx (1- transducing titers of serum incubated rAAV/ untreated rAAV). Values of 
neutralization that were calculated to be below zero were adjusted to zero. Values given are 
means of 3 experiments, error bars represent standard deviation. BAAV transduction 
efficiency was unaffected by antisera against AAV2, AAV4 and AAV5. Antisera against 
BAAV blocked infection of BAAV but had no effect on the other AAV serotypes. 

20 Figure 6 is a comparison of rAAV2 and rBAAV transduction of salivary glands. 

10 10 particles of AAV2-RnlacZ and BAAV-RnlacZ were injected into submandibular 
glands of BALB/c mice by retrograde ductal instillation. 4 weeks after infection, glands 
were removed and analyzed for the presence of vector genome DNA by real time PCR (A) 
and expression of beta-gal by an ELISA (B). Values given are means of data from 7 

25 animals, error bars represent standard deviation. 

Figure 7 is a comparison of transfection yield at increasing viral titers; At least 5 
samples harvested from at least three explants were scored for transfected and not 
transfected hair cells at viral titers ranging from 10 9 to 10 M DRP/mL The transfection yield 
increased significantly for OHC (N= 5 and 13 Respectively, Single Factor ANOVA p = 

30 0.01699) and VHC ( N= 6 and 10 respectively, Single Factor ANOVA p = 0.000168) with 

a 100 fold increase in viral titer after 8 days. The differences in transfection yield of IHC 

were not significant (N= 5 and 1, Single Factor ANOVA p - 0.23987). 

11 
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Figure 8 shows the apparent transfection efficiency increased significantly with 
longer incubations with viral particles; A) Confocal image of vestibular epithelia after 5 
days of B AAV infection. The positively transduced hair cells are easily scored even though 
the yield is sparse. B) Confocal image of vestibular epithelia after 8days of B AAV 
5 infection demonstrating almost half the hair cells are transfected. C) Histogram of 
transfection yields. There is a statistically significant increase (N= 7 and 10 frames 
respectively from at least 3 explants p > .01) in the transfected cells after an additional three 
days of incubation. Size bar = 20 um. 

Figure 9 is a comparison of the transfection efficiency of bovine AAV with three 

10 primate AAVs. Cochlear and vestibular explants were incubated with virus for 8 days and 
transfection yields were measured per sample frame. (A) BAAV transfected auditory and 
vestibular hair cells, (arrows) In contrast AAV2, 4 and 5 were surprisingly ineffective, 
(arrows) (B) 10 frames of each epithelia were measured and the transfection efficiency 
scored. In general the primate derived adenoassociated viruses were ineffective as vectors 

1 5 for hair cell. Size bar = 20 um. 

Figure 10 shows that BAAV transduction requires 2-3 sialic acid. Cos cells were 
incubated with the broad spectrum neuraminidases isolated from V. cholerae, (0.05 U/ml) 
and a neuraminidase with high specificity for 2-3 sialyl linkages from S. pneumoniae (10 
U/ml). 48 h after infection with recombinant AAV2, AAV4, AAV5, or BAAV expressing 

20 GFP, cells were analyzed for GFP expression. Neuraminidase treatment resulted in 

reduction of BAAV transduction, demonstrating the requirement for 2-3 linked sialic acid, 
bound to either a protein or lipid receptor for BAAV transduction. 

Figure 1 1 shows that BAAV transduction can be inhibited with inhibitors of 
glycolipid synthesis. Untreated COS cells or cells incubated for 48h with 5/iM PPMP or 

25 5/xM PDMP were infected with recombinanrAAV2rAAV4, AAV5 or BAAV expressing 
GFP. 48h after infection, cells were anaiyzeu ldrtSrF expression. Inhibition of glycolipid 
synthesis resulted in clear reduction of rBAAV mediated gene transfer compared to 
untreated control, while rAAV2, rAAV4 and rAAV5 transduction was enhanced. This 
indicated the usage of phospholipids in rBAAV receptor binding or uptake. 

30 Figure 12 shows that the receptor for BAAV is protease resistant. Cos cells were 

incubated with 0.025% trypsin or 1 U/ml dispase for 30 min. 48h after infection with 
recombinant AAV2, AAV4, AAVS or BAAV expressing GFP, cells were analyzed for GFP 

12 
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expression. Protease treatment resulted in reduction of rAAV2, rAAV4 and rAAV5 
transduction, while B AAV mediated gene transfer was slightly enhanced, suggesting that 
either a protease resistant protein or a lipid component is essential for rB AAV binding and 
uptake. 

5 Figure 13 shows that AAV4 transcytosed in CaCo-2, MDCKI, MDCKII, Human 

primary immortalized epithelial endometrial, Bovine brain primary endothelia cells (BBB). 
AAV5 transcytosed CaCo-2 cells, whereas BAAV transcytosed in MDCKs, Endometrial, 
airways epithelia, and BBB. AAV6 did not transcytose in any of cell types tested. HeLa 
cells do not form barrier epithelia and were used as a control. 

10 Figure 14 shows that the treatment of the basal lateral surface of Human primary 

airways epithelial cell (HAE) with tannic acid blocked the transcytosis of BAAV vector 
containing a GFP expression cassette from the apical surface to the basal lateral. 
Furthermore transduction dramatically increased when assayed at 24 hrs post inoculation. 
In contrast no change was observed in AAV2 transduction, which did not demonstrate any 

1 5 transcytosis activity and has limited binding activity on HAE. 

Figure 15 shows that both AAV5 and BAAV efficiently transduce primary airway 
epithelia cells. These cells were cultured and plated as previously described with an 
equivalent number of rAAV5 or rBAAV particles containing CMV nuclear GFP - and 
cultured for over 10 days. GFP expression was determined by flow cytometry (FACS) and 

20 the relative transduction was compared. 

DETAILED DESCRIPTION OF THE INVENTION 

As used in the specification and in the claims, "a" can mean one or more, depending 
25 upon the context in which it is used. The terms "having" and "comprising" are used 
interchangeably herein, and signify open ended meaning. 

The present application provides a recombinant bovine adeno-associated virus 
(BAAV). The application provides the isolation, subcloning, and sequencing of BAAV. 
This virus has one or more of the characteristics described below. The compositions 
30 provided herein do not include wild-type BAAV. The methods provided herein can use 
either wild-type BAAV or recombinant BAAV-based delivery. 
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Provided herein are recombinant BAAV particles, recombinant BAAV vectors and 
recombinant BAAV virions. As used herein, "recombinant'* refers to nucleic acids, vectors, 
polypeptides, or proteins that have been generated using DNA recombination (cloning) 
methods and are distinguishable from native or wild-type nucleic acids, vectors, 
5 polypeptides, or proteins. A BAAV particle is a viral particle comprising a BAAV capsid 
protein. A recombinant BAAV vector is a nucleic acid construct that comprises at least one 
unique, isolated nucleic acid of BAAV. The recombinant BAAV vector can further 
comprise at least one non-BAAV nucleic acid. As used herein, a "virion" refers to an 
infectious virus particle, and "infectious" refers to the ability of a virion to deliver genetic 

10 material to a cell. Thus, a recombinant BAAV virion is a particle containing a recombinant 
BAAV vector, wherein the particle can be either a BAAV particle as described herein or a 
non-BAAV particle. Alternatively, a recombinant BAAV virion can be a BAAV particle 
containing a recombinant vector, wherein the vector can be either a BAAV vector as 
described herein or a non-BAAV vector. A BAAV particle can further be an "empty 

15 particle", wherein the particle does not contain a nucleic acid, vector or plasmid, and is 

therefore not infectious. These vectors, particles, virions, nucleic acids and polypeptides are 
described below. 

Provided herein is the nucleotide sequence of the BAAV genome and vectors and 
particles derived there from. Specifically, provided herein is a nucleic acid vector, 

20 comprising a pair of BAAV inverted terminal repeats (ITRs) and a promoter between the 
inverted terminal repeats. The rep proteins of AAV5 and BAAV will bind to the BAAV 
ITR and it can function as an origin of replication for packaging of recombinant AAV 
particles. The minimum sequence necessary for this activity is the TRS site where Rep 
cleaves in order to replicate the virus. Minor modifications in an ITR are contemplated and 

25 are those that will not interfere with the hairpin structure formed by the ITR as described 
herein and known in the art. Farmermorc, iu uc considered within the term it must retain 
the Rep binding site described herein. 

The D- region of the AAV2 ITR, a single stranded region of the ITR, inboard of the 
TRS site, has been shown to bind a factor which depending on its phosphorylation state 

30 correlates with the conversion of the AAV from a single stranded genome to a 

transcriptionally active form that allows for expression of the viral DNA. This region is 
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conserved between AAV2, 3, 4, and 6 but is divergent in AAV5 and BAAV (SEQ ID NO: 
13). The D+ region is the reverse complement of the D- region. 

The promoter can be any desired promoter, selected by known considerations, such 
as the level of expression of a nucleic acid functionally linked to the promoter and the cell 
5 type in which the vector is to be used. That is, the promoter can be tissue/cell-specific. 
Promoters can be prokaryotic, eukaryotic, fungal, nuclear, mitochondrial, viral or plant 
promoters. Promoters can be exogenous or endogenous to the cell type being transduced by 
the vector. Promoters can include, for example, bacterial promoters, known strong 
promoters such as S V40 or the inducible metallothionein promoter, or an AAV promoter, 

10 such as an AAV p5 promoter. Additionally, chimeric regulatory promoters for targeted 

gene expression can be utilized. Examples of these regulatory systems, which are known in 
the art, include the tetracycline based regulatory system which utilizes the tet transactivator 
protein (tTA), a chimeric protein containing the VP 16 activation domain fused to the tet 
repressor of Escherichia coli, the IPTG based regulatory system, the CID based regulatory 

1 5 system, and the Ecdysone based regulatory system (No, D., et al. 9 Proc Natl Acad Sci U S 
A. 93(8):3346-3351 (1996)). 

Other promoters include promoters derived from actin genes, immunoglobulin 
genes, cytomegalovirus (CMV), adenovirus, bovine papilloma virus, adenoviral promoters, 
such as the adenoviral major late promoter, an inducible heat shock promoter, respiratory 

20 syncytial virus, Rous sarcomas virus (RSV), etc., specifically, the promoter can be AAV2 
p5 promoter or AAV5 p5 promoter or BAAV p5 promoter. More specifically, the BAAV 
p5 promoter can be in about the same location in SEQ ID NO: 1 as the AAV2 p5 promoter, 
in the corresponding AAV2 published sequence. Additionally, the p5 promoter may be 
enhanced by nucleotides 1 - 1 73 of SEQ ID NO: 1 . Furthermore, smaller fragments of p5 

25 promoter that retain promoter activity can readily be determined by standard procedures 
including, for example, constructing a series of deletions in the p5 promoter, linking the 
deletion to a reporter gene, and determining whether the reporter gene is expressed, /".e., 
transcribed and/or translated. The promoter can be the promoter of any of the AAV 
serotypes, and can be the pl9 promoter (SEQ ID NO: 16) or the p40 promoter set forth in 

30 the sequence listing as SEQ ID NO: 1 7. 

It should be recognized that any errors in any of the nucleotide sequences disclosed 
herein can be corrected, for example, by using the hybridization procedure described below 
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ATTORNEY DOCKET NO. 14014.0417P1 

with various probes derived from the described sequences such that the coding sequence can 
be re-isolated and re-sequenced. Rapid screening for point mutations can also be achieved 
with the use of polymerase chain reaction-single strand conformation polymorphism 
(PCR-SSCP). The corresponding amino acid sequence can then be corrected accordingly. 
5 The BAAV-derived vector provided herein can further comprise an exogenous 

nucleic acid functionally linked to the promoter. By "exogenous" nucleic acid is meant any 
nucleic acid that is not normally found in wild-type BAAV that can be inserted into a vector 
for transfer into a cell, tissue or organism. The exogenous nucleic acid can be a nucleic acid 
not normally found in the target cell, or it can be an extra copy or copies of a nucleic acid 

10 normally found in the target cell. The terms "exogenous" and "heterologous" are used 
herein interchangeably. 

By "functionally linked" is meant that the promoter can promote expression of the 
exogenous nucleic acid, as is known in the art, and can include the appropriate orientation 
of the promoter relative to the exogenous nucleic acid. Furthermore, the exogenous nucleic 

15 acid preferably has all appropriate sequences for expression of the nucleic acid. The nucleic 
acid can include, for example, expression control sequences, such as an enhancer, and 
necessary information processing sites, such as ribosome binding sites, RNA splice sites, 
polyadenylation sites, and transcriptional terminator sequences. 

The exogenous nucleic acid can encode beneficial proteins or polypeptides that 

20 replace missing or defective proteins required by the cell or subject into which the vector is 
transferred or can encode a cytotoxic polypeptide that can be directed, e.g., to cancer cells 
or other cells whose death would be beneficial to the subject. The exogenous nucleic acid 
can also encode antisense RNAs that can bind to, and thereby inactivate, mRNAs made by 
the subject that encode harmful proteins. The exogenous nucleic acid can also encode 

25 ribozymes that can effect the sequence-specific inhibition of gene expression by the 

cleavage of mRNAs. In one aspect, antisense polynucleotides can be produced from an 
exogenous expression cassette in an AAV5 vector construct where the expression cassette 
contains a sequence that promotes cell-type specific expression (Wirak et al. 9 EMBO 10:289 
(1991)). For general methods relating to antisense polynucleotides, see Antisense RNA and 

30 DNA 9 D. A. Melton, Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1988). 

Examples of exogenous nucleic acids which can be administered to a cell or subject 
as part of the present BAAV vector can include, but are not limited to the following: nucleic 
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acids encoding secretory and nonsecretory proteins, nucleic acids encoding therapeutic 
agents, such as tumor necrosis factors (TNF), such as TNF-a; interferons, such as 
interferon-a; interferon-ft and interferon-y, interleukins, such as IL-1, IL-lft and ILs -2 
through -14; GM-CSF; adenosine deaminase; cellular growth factors, such as lymphokines; 
5 soluble CD4; Factor VIII; Factor IX; T-cell receptors; LDL receptor; ApoE; ApoC; alpha- 1 
antitrypsin; ornithine transcarbamylase (OTC); cystic fibrosis transmembrane receptor 
(CFTR); insulin; Fc receptors for antigen binding domains of antibodies, such as 
immunoglobulins; anti-HIV decoy tar elements; and antisense sequences which inhibit viral 
replication, such as antisense sequences which inhibit replication of hepatitis B or hepatitis 

10 non-A, non-B virus. The nucleic acid is chosen considering several factors, including the 
cell to be transfected. Where the target cell is a blood cell, for example, particularly useful 
nucleic acids to use are those which allow the blood cells to exert a therapeutic effect, such 
as a gene encoding a clotting factor for use in treatment of hemophilia. Another target cell 
is the lung airway cell, which can be used to administer nucleic acids, such as those coding 

15 for the cystic fibrosis transmembrane receptor, which could provide a gene therapeutic 
treatment for cystic fibrosis. Other target cells include muscle cells where useful nucleic 
acids, such as those encoding cytokines and growth factors, can be transduced and the 
protein the nucleic acid encodes can be expressed and secreted to exert its effects on other 
cells, tissues and organs, such as the liver. Furthermore, the nucleic acid can encode more 

20 than one gene product, limited only, if the nucleic acid is to be packaged in a capsid, by the 
size of nucleic acid that can be packaged. 

Furthermore, suitable nucleic acids can include those that, when transferred into a 
primary cell, such as a blood cell, cause the transferred cell to target a site in the body where 
that cell's presence would be beneficial. For example, blood cells such as TIL cells can be 

25 modified, such as by transfer into the cell of a Fab portion of a monoclonal antibody, to 
recognize a selected antigen. Another example would be to introduce a nucleic acid that 
would target a therapeutic blood cell to tumor cells. Nucleic acids useful in treating cancer 
cells include those encoding chemotactic factors which cause an inflammatory response at a 
specific-site, thereby having a therapeutic effect. 

30 Cells, particularly blood cells, muscle cells, airway epithelial cells, brain cells and 

endothelial cells having such nucleic acids transferred into them can be useful in a variety of 

diseases, syndromes and conditions. For example, suitable nucleic acids include nucleic 

acids encoding soluble CD4, used in the treatment of AIDS and a-antitrypsin, used in the 

treatment of emphysema caused by a-antitrypsin deficiency. Other diseases, syndromes 
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and conditions in which such cells can be useful include, for example, adenosine deaminase 
deficiency, sickle cell deficiency, brain disorders such as Alzheimer's disease, thalassemia, 
hemophilia, diabetes, phenylketonuria, growth disorders and heart diseases, such as those 
caused by alterations in cholesterol metabolism, and defects of the immune system. 
5 Other cells in which a gene of interest can be expressed include, but are not limited 

to, fibroblasts, neurons, retinal cells, kidney cells, lung cells, bone marrow stem cells, 
hematopoietic stem cells, retinal cells and neurons. The cells in which the gene of interest 
can be expressed can be dividing cells such as MDCK cells, BHK cells, HeLa cells, 3T3 
cells, CV1 cells, COS7 cells, HOS cells and 293 cells. The cells can also be embryonic 
10 stem cells of mouse, rhesus, human, bovine or sheep origin, as well as stem cells of neural, 
hematopoietic, muscle, cardiac, immune or other origin. Non-dividing cells can also be 
contacted with a particle provided herein to express a gene of interest. Such cells include, 
but are not limited to hematopoietic stem cells and embryonic stem cells that have been 
rendered non-dividing. 

15 As another example, hepatocytes can be transfected with the present vectors having 

useful nucleic acids to treat liver disease. For example, a nucleic acid encoding OTC can be 
used to transfect hepatocytes {ex vivo and returned to the liver or in vivo) to treat congenital 
hyperammonemia, caused by an inherited deficiency in OTC. Another example is to use a 
nucleic acid encoding LDL to target hepatocytes ex vivo or in vivo to treat inherited LDL 

20 receptor deficiency. Such transfected hepatocytes can also be used to treat acquired 
infectious diseases, such as diseases resulting from a viral infection. For example, 
transduced hepatocyte precursors can be used to treat viral hepatitis, such as hepatitis B and 
non-A, non-B hepatitis, for example by transducing the hepatocyte precursor with a nucleic 
acid encoding an antisense RNA that inhibits viral replication. Another example includes 

25 transferring a vector provided herein having a nucleic acid encoding a protein, such as y- 
interferon, which can confer resistance to the hepatitis virus. 

For a procedure using transfected henatocvtes or hepatocyte precursors, hepatocyte 
precursors having a vector provided herein transferred in can be grown in tissue culture, 
removed from the tissue cult u re v essel, and introduce d to the body, such as by a surgical 

30 method. In this example, the tissue would be placed directly into the liver, or into the body 
cavity in proximity to the liver, as in a transplant or graft. Alternatively, the cells can 
simply be directly injected into the liver, into the portal circulatory system, or into the 
spleen, from which the cells can be transported to the liver via the circulatory system. 
Furthermore, the cells can be attached to a support, such as microcarrier beads, which can 
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then be introduced, such as by injection, into the peritoneal cavity. Once the cells are in the 
liver, by whatever means, the cells can then express the nucleic acid and/or differentiate into 
mature hepatocytes which can express the nucleic acid. 

The provided viral particles can be administered to cells, as described herein, with a 
5 Multiplicity of Infection (MOI) of 1 0. The MOI is the ratio of infectious virus particles to 
the number of cells being infected. Thus, an MOI of 0.1 results in the average inoculation of 
1 virus particle for every 10 cells. The general theory behind MOI is to introduce one 
infectious virus particle to every host cell that is present in the culture. However, more than 
one virus may infect the same cell which leaves a percentage of cells uninfected. This 

10 occurrence can be reduced by using a higher MOI to ensure that every cell is infected. The 
provided viral particles can therefore be administered to cells, as described herein, with a 
MOI of 0.01 to 100, such as for example 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100. 

The BAAV-derived vector can include any normally occurring BAAV nucleic acid 

15 sequences in addition to an ITR and promoter. The BAAV-derived vector can also include 
sequences that are at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical to 
the BAAV nucleic acids set forth herein. Examples of vector constructs are provided 
below. 

The present vector or BAAV particle or recombinant BAAV virion can utilize any 
20 unique fragment of these present BAAV nucleic acids, including the BAAV nucleic acids 
set forth in SEQ ID NOS: 1, 2, 4, 6, 8, 10 and 12-17. A unique fragment consists of a 
sequence that is not present anywhere else on a genome. To be unique, the fragment must 
be of sufficient size to distinguish it from other known sequences, which is most readily 
determined by comparing any nucleic acid fragment to the nucleotide sequences of nucleic 
25 acids in computer databases, such as GenBank. Such comparative searches are standard in 
the art. Typically, a unique fragment useful as a primer or probe will be at least about 8 or 
10, preferable at least 20 or 25 nucleotides in length, depending upon the specific nucleotide 
content of the sequence. Additionally, fragments can be, for example, at least about 30, 40, 
50, 75, 100, 200 or 500 nucleotides in length and can encode polypeptides or be probes. 
30 The nucleic acid can be single or double stranded, depending upon the purpose for which it 
is intended. Where desired, the nucleic acid can be RNA. 

It is understood that as discussed herein the use of the terms "homology" and 
"identity* mean the same thing as similarity. Thus, for example, if the use of the word 
homology is used to refer to two non-natural sequences, it is understood that this is not 
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necessarily indicating an evolutionary relationship between these two sequences, but rather 
is looking at the similarity or relatedness between their nucleic acid sequences. Many of the 
methods for determining homology between two evolutionarily related molecules are 
routinely applied to any two or more nucleic acids or proteins for the purpose of measuring 
5 sequence similarity regardless of whether they are evolutionarily related. 

In general, it is understood that one way to define any known variants and 
derivatives or those that might arise, of the disclosed nucleic acids and polypeptides herein, 
is through defining the variants and derivatives in terms of homology to specific known 
sequences. In general, variants of nucleic acids and polypeptides herein disclosed typically 

10 have at least, about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent homology to the stated sequence or the 
native sequence. Those of skill in the art readily understand how to determine the 
homology of two polypeptides or nucleic acids. For example, the homology can be 
calculated after aligning the two sequences so that the homology is at its highest level. 

1 5 Another way of calculating homology can be performed by published algorithms. 

Optimal alignment of sequences for comparison may be conducted by the local homology 
algorithm of Smith and Waterman Adv. Appl. Math. 2: 482 (1981), by the homology 
alignment algorithm of Needleman and Wunsch, J. MoL Biol. 48: 443 (1970), by the search 
for similarity method of Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85: 2444 

20 ( 1 988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, 
and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 
Science Dr., Madison, WI; the BLAST algorithm of Tatusova and Madden FEMS 
Microbiol. Lett. 174: 247-250 (1999) available from the National Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov/blast/bl2seq/bl2.htmn , or by inspection. 

25 The same types of homology can be obtained for nucleic acids by for example the 

algorithms disclosed in Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. Acad. 
Sci. USA 86:7706-7710, 1989, Jaeger et al. Methods Enzymol. 183:281-306, 1989, which 
are herein incorporated by reference for at least material related to nucleic acid alignment. 
It is understood that any of the methods typically-can be used and that in certain instances 

30 the results of these various methods may differ, but the skilled artisan understands if 

identity is found with at least one of these methods, the sequences would be said to have the 
stated identity. 

For example, as used herein, a sequence recited as having a particular percent 
homology to another sequence refers to sequences that have the recited homology as 

20 
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calculated by any one or more of the calculation methods described above. For example, a 
first sequence has 80 percent homology, as defined herein, to a second sequence if the first 
sequence is calculated to have 80 percent homology to the second sequence using the Zuker 
calculation method even if the first sequence does not have 80 percent homology to the 
5 second sequence as calculated by any of the other calculation methods. As another 

example, a first sequence has 80 percent homology, as defined herein, to a second sequence 
if the first sequence is calculated to have 80 percent homology to the second sequence using 
both the Zuker calculation method and the Pearson and Lipman calculation method even if 
the first sequence does not have 80 percent homology to the second sequence as calculated 

10 by the Smith and Waterman calculation method, the Needleman and Wunsch calculation 
method, the Jaeger calculation methods, or any of the other calculation methods. As yet 
another example, a first sequence has 80 percent homology, as defined herein, to a second 
sequence if the first sequence is calculated to have 80 percent homology to the second 
sequence using each of calculation methods (although, in practice, the different calculation 

1 5 methods will often result in different calculated homology percentages). 

Further provided herein is a BAAV capsid protein that can combine with other 
capsid proteins to form a BAAV particle to contain the disclosed vectors. Also provided 
herein is a BAAV particle, comprising a BAAV capsid protein. The capsid protein can be 
selected from a group consisting of VP1, VP2 and VP3. The capsid protein of the BAAV 

20 particle can have the amino acid sequences of SEQ ID NOS: 7, 9, or 1 1 . The capsid protein 
of the BAAV particle can be encoded by the nucleic acid sequences of SEQ ID NOS: 6, 8, 
or 10. For example, provided is a BAAV particle, comprising all three BAAV capsid 
proteins, i.e., VP1, VP2 and VP3, SEQ ID NOS: 7, 9, and 1 1, respectively. Also provided is 
a BAAV particle, comprising each BAAV capsid protein individually or in combination. 

25 Also provided is a particle comprising VP1 and VP3 capsid proteins, i.e., lacking any VP2 
capsid proteins. Thus, a BAAV particle comprising a BAAV capsid protein comprises at 
least one BAAV capsid protein (VP1, VP2 or VP3) or a fimtional fragment thereof. One of 
skill in the art understands that it is the non-conserved amino acids, as demonstrated in 
Figure 3, that are contributing to the properties of BAAV that make it distinct from the 

30 other serotypes. Provided therefore is a capsid protein comprising a mutation, deletion or 
substitution in the conserved regions, including, for example, a substitution with a 
homologous region from another AAV serotype. 

A BAAV particle comprising a BAAV capsid protein can be utilized to deliver a 
nucleic acid vector to a cell, tissue or subject. For example, the herein described BAAV 
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vectors can be encapsidated in a BAAV capsid-derived particle and utilized in a gene 
delivery method. Furthermore, other viral nucleic acids can be encapsidated in the BAAV 
particle and utilized in such delivery methods. For example, an AAV 1-8 or AAAV vector 
(e.g. AAV1-8 or AAAV ITR and nucleic acid of interest) can be encapsidated in a BAAV 
5 particle and administered. Furthermore, a BAAV chimeric capsid incorporating AAV1-8 or 
AAAV capsid sequences and BAAV capsid sequences can be generated, by standard 
cloning methods, selecting regions from the known sequences of each protein as desired. 
For example, particularly antigenic regions of the BAAV capsid protein can be replaced 
with the corresponding region of the AAV2 capsid protein. In addition to chimeric capsids 

10 incorporating AAV2 capsid sequences, chimeric capsids incorporating AAV1, 3-8, and 
AAV5 capsid sequences can be generated, by standard cloning methods, selecting regions 
from the known sequences of each protein as desired. Alternatively a chimeric capsid can 
be made by the addition of a plasmid that expresses AAV 1-8 capsid proteins at a ratio with 
the BAAV capsid expression plasmid that allows only a few capsid proteins to be 

15 incorporated into the BAAV particle. Thus, for example, a chimeric particle may be 
constructed that contains 6 AAV2 capsid proteins and 54 BAAV capsid proteins if the 
complete capsid contains 60 capsid proteins. Methods for generating chimeric AAVs are 
known in the art and can be found in Rabinowitz JE, et al. J Virol. 2004 May;78(9):4421- 
32, herein incorporated by reference for these methods. Examples of chimeric capsids 

20 would be to combine the VP1, 2, 3 proteins of BAAV and the VP1, 2, 3 proteins of AAVS 
such that a new tropism would arise. An example would be a vector that could both 
transduce and have transcytosis activity in Caco-2 cells or a vector that could transduce a 
cell that was not previously permissive for either BAAV or AAVS. 
The capsids can also be modified to alter their specific tropism by genetically altering the 

25 capsid to encode a specific ligand to a cell surface receptor. 

Alternatively, the capsid can be ch e i mca it y modified by conjugating a ligand to a 
cell surface receptor. By genetically or chemically altering the capsids, the tropism can be 
modified to direct BAAV to a particular cell or population of cells. The capsids can also be 
altered immunologically by conjugating the capsid to an antibody that recognizes a specific 

30 protein on the target cell or population of cells. 

Provided are two regions in the capsid of BAAV that are on the virus surface and 
could tolerate substitution. These two regions are aa 257-264 (GSSNASDT SEQ ID 
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NO: 18) and aa 444-457 (TTSGGTLNQGNSAT SEQ ID NO: 19). Other regions of the 
BAAV capsid could also accommodate the substitution of amino acids that would allow for 
epitope presentation on the surface of the virus. All of these regions would have surface 
exposure and the ability to support a substitution of sequence to insert the epitope while still 
5 allowing for capsid assembly. The substitutions can include non-BAAV epitopes and non- 
BAAV ligands. 

Because of the symmetry of the AAV particles, a substitution in one subunit of the 
capsid will appear multiple times on the capsid surface. For example the capsid is made of 
approximately 50 VP3 proteins, 5 VP1 and 5 VP2. Therefore an epitope incorporated in the 

10 VP3 protein could be expressed 55 times on the surface of each particle increasing the 

likelihood of the epitope forming a stable interaction with its target. In some cases this may 
be too high of a ligand density for functional binding or this high density of epitope may 
interfere with capsid formation. The epitope density could be lowered by introducing 
another plasmid into the packaging system for production of recombinant particles and the 

1 5 ratio between the packaging plasmid with the modified VP3 protein and the wt VP3 protein 
altered to balance the epitope density on the virus surface. Thus, the ratio between the 
modified VP3 and the wt VP3 can be 0:50 to 50:0, including, for example, 1 :49, 2:48, 3:47, 
4:46, 5:45, 6:44, 7:43, 8:42, 9:41, 10:40, 11:39, 12:38, 13:37, 14:36, 15:35, 16:34, 17:33, 
18:32, 19:31, 20:30, 21:29, 22:28, 23:27, 24:27, 25:25, 26:24, 27:23, 28:22, 29:21, 30:20, 

20 31:19, 32:18, 33:17, 34:16, 35:15, 36:14, 37:13, 38:12, 39:11, 40:10, 41:9, 42:8, 43:7, 44:6, 
45:5,46:4, 47:3, 48:2, or 49:1. 

Epitopes could be incorporated into the virus capsid for the purpose of 1) altering 
the tropism of the virus 2) blocking an immune response directed at the virus 3) developing 
a host immune response to the epitope for the purpose of vaccination. 

25" Examples of epitopes that could be added to BAAV capsids include but are not limited to: 
EB ^ receptcrtrirKirng epitope 
RGD integrin binding epitope 
CD13 binding epitope NGRAHA SEQ ID NO:20 
The Retanef polyprotein vaccine candidate for HIV-1 

30 single chain antibody fragments directed against tumor cells 

Endothelial cell binding epitope SIGYPLP SEQ ID NO:21 

serpin receptor ligand, KFNKPFVFLI SEQ ID NO:22 

23 



WO 2005/056807 PCT/US2004/040825 

protective B-cell epitope hemagglutinin (HA) 91-108 from influenza HA 
NDV B-cell immunodominant epitope (IDE) spanning residues 447 to 455 
Major immunogenic epitope for parvovirus B19 (NISLDNPLENPSSLFDLVARIK SEQ ID 
NO:23) that can elicit protective antibody titers. 
5 The capsids can also be assembled into empty particles by expression in 

mammalian, bacterial, fungal or insect cells. For example, AAV2 particles are known to be 
made from VP3 and VP2 capsid proteins in baculovirus. The same basic protocol can 
produce an empty BAAV particle comprising BAAV capsid proteins and also full particles. 
The empty BAAV particles can be used to deliver, for example, antigens, drugs, proteins, or 

10 metals to cells or cells in a subject. Antigens can be directly incorporated into the capsid of 
an empty BAAV particle. An antigen can further be coupled via an antibody-antigen 
complex to the empty particle. Also disclosed is the coupling of drugs, proteins, or metals 
on the inside of the empty particles. 

The herein described recombinant BAAV nucleic acid derived vector can be 

15 encapsidated in a viral particle. The viral particle can be a parvovirus particle. The 
parvovirus particle can be a dependovirus particle. The viral particle can be an AAV 
particle. In particular, the recombinant BAAV nucleic acid derived vector can be 
encapsidated in a BAAV, AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, or 
AAAV particle, a particle comprising a portion of any of these capsids, or a chimeric capsid 

20 particle as described above, by standard methods using the appropriate capsid proteins in 

the encapsidation process, as long as the nucleic acid vector fits within the size limitation of 
the particle utilized. The encapsidation process itself is standard in the art. The BAAV 
replication machinery, i.e. the rep initiator proteins and other functions required for 
replication, can be utilized to produce the BAAV genome that can be packaged in an 

25 AAV1 -8 or AAAV capsid. 

The recombinant BA/Fv virion uohiailiiiig a vector can also be produced by 
recombinant methods utilizing multiple plasmids. In one example, the BAAV rep nucleic 
acid would be cloned into one plasmid, the BAAV ITR nucleic acid would be cloned into 
another plasmid and the AAV 1-8 capsid nucleic acid would be cloned on another plasmid. 

30 These plasmids would then be introduced into cells. The cells that were efficiently 

transduced by all three plasmids, would exhibit specific integration as well as the ability to 

produce BAAV recombinant virus. Additionally, two plasmids could be used where the 
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BAAV rep nucleic acid would be cloned into one plasmid and the BAAV ITR and BAAV 
capsid would be cloned into another plasmid. These plasmids would then be introduced 
into cells. The cells that were efficiently transduced by both plasmids, would exhibit 
specific integration as well as the ability to produce BAAV recombinant virus. 
5 A BAAV capsid composed of VP1, VP2, and VP3 polypeptide can overall have 

greater than 56% homology to the polypeptide having the amino acid sequence encoded by 
nucleotides in SEQ ID NOS:6, 8 and 10. 

The capsid protein can have about 70% homology, about 75% homology, 80% 
homology, 85% homology, 90% homology, 95% homology, 98% homology, 99% 

10 homology, or even 100% homology to the protein having the amino acid sequence encoded 
by the nucleotides set forth in SEQ ID NOS:6, 8 or 10. The percent homology used to 
identify proteins herein, can be based on a nucleotide-by-nucleotide comparison or more 
preferable is based on a computerized algorithm as described herein. Variations in the 
amino acid sequence of the BAAV capsid protein are contemplated herein, as long as the 

1 5 resulting particle comprising a BAAV capsid protein remains antigenically or 

immunologically distinct from AAV 1-8 or AAAV capsid, as can be routinely determined 
by standard methods. Specifically, for example, ELISA and Western blots can be used to 
determine whether a viral particle is antigenically or immunologically distinct from AAV2 
or the other serotypes. Furthermore, the BAAV particle preferably retains tissue tropism 

20 distinction from other AAVs, such as that exemplified in the examples herein. A BAAV 
chimeric particle comprising at least one BAAV coat protein may have a different tissue 
tropism from that of a BAAV particle consisting only of BAAV coat proteins, but is still 
distinct from the tropism of an AAV2 particle. 

Provided herein is a recombinant BAAV virion, comprising a BAAV particle 

25 containing, /.<?., encapsidating, a vector comprising a pair of AAV1, AAV2, AAV3, AAV4, 
AAVS, AAV6, AAV7, AAV8, AAAV, or BAAV inverted terminal repeats. The 
recombinant vector can further comprise a BAAV Rep-encoding nucleic acid. The vector 
encapsidated in the particle can further comprise an exogenous nucleic acid inserted 
between the inverted terminal repeats. 

30 Further contemplated are chimeric recombinant ITRs that contain a rep binding site 

and a TRS site recognized by that Rep protein. By "Rep protein" is meant one or more of 
the Rep proteins, Rep 40, Rep 78, Rep 52, Rep 68. Alternatively, "Rep protein" could be 
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all four of the Rep proteins described herein. One example of a chimeric ITR would consist 

of a BAAV D region (SEQ ID NO: 13), a BAAV TRS site (SEQ ID NO: 14), an AAV2 

hairpin and an AAV2 Rep binding site. Another example would be a BAAV D region, a 

BAAV TRS site, an AAV3 hairpin and an AAV3 Rep binding site. In these chimeric ITRs, 
5 the D region can be from AAV 1-8 or AAAV. The hairpin can be derived from AAV 1-8 or 

AAAV. The binding site can be derived from any of AAV 1-8 or AAAV. Preferably, the D 

region and the TRS are from the same serotype. 

The chimeric ITRs can be combined with BAAV Rep protein and any of the AAV 

serotype capsids to obtain a recombinant virion. For example, a recombinant virion can be 
10 produced by a BAAV D region, a BAAV TRS site, an AAV2 hairpin, an AAV2 binding 

site, BAAV Rep protein and AAV1 capsid. This recombinant virion would possess the 

cellular tropism conferred by the AAV1 capsid protein and would possess the efficient 

replication conferred by the BAAV Rep. 

Other examples of the combinations of ITR, Rep protein and Capsids that will 
1 5 produce recombinant virus include but are not limited to: 

BAAV ITR + BAAV Rep + BAAV Cap=virus 

AAV5 ITR + BAAV Rep + BAAV Cap=virus 

AAV5 ITR + BAAV Rep + AAV1 Cap=virus 

AAV5 ITR + BAAV Rep + AAV2 Cap=virus 
20 AAV5 ITR + BAAV Rep + AAV3 Cap=virus 

AAV5 ITR + BAAV Rep + AAV4 Cap=virus 

AAV5 ITR + BAAV Rep + AAV5 Cap=virus 

AAV5 ITR + BAAV Rep + AAV6 Cap=virus 

AAV5 ITR + BAAV Rep + AAV7 Cap=virus 
25 AAV5 ITR + BAAV Rep + AAV8 Cap=virus 

AAV5 ITR + BAAV Rep + AAAV C ap-v"ffu S 

BAAV ITR + AAV5 Rep + BAAV Cap=virus 

BAAV ITR + AAV5 Rep + AAV1 Cap=virus 

BAAV ITR + AAV5 Rep + AAV2 Cap=virus 
30 BAAV ITR + AAV5 Rep + AAV3 Cap=virus 

BAAV ITR + AAV5 Rep + AAV4 Cap=virus 

BAAV ITR + AAV5 Rep + AAV5 Cap=virus 
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BAAV ITR + AAV5 Rep + AAV6 Cap=virus 
BAAV ITR + AAV5 Rep + AAV7 Cap-virus 
BAAV ITR + AAV5 Rep + AAV8 Cap=virus 
BAAV ITR + AAV5 Rep + AAAV Cap=virus 
5 AAV1 ITR + AAV1 Rep + BAAV Cap-virus 
AAV2 ITR + AAV2 Rep + BAAV Cap=virus 
AAV3 ITR + AAV3 Rep + BAAV Cap-virus 
AAV4 ITR + AAV4 Rep + BAAV Cap=virus 
AAV5 ITR + AAV5 Rep + BAAV Cap=virus 

1 0 AAV6 ITR + AAV6 Rep + BAAV Cap=virus 
AAV7 ITR + AAV7 Rep + BAAV Cap=virus 
AAV8 ITR + AAV8 Rep + BAAV Cap=virus 
AAAV ITR + AAAV Rep + BAAV Cap=virus 

One of skill in the art would know how to employ standard techniques to obtain the 

1 5 sequences from any of AAV 1 -8 or AAAV in order to combine them with BAAV 

sequences. Examples of BAAV sequences that can be utilized in these constructs can be 
found herein and under GenBank Accession No. AY388617 and these sequences are hereby 
incorporated in their entireties by this reference. Examples of AAV1 sequences that can be 
utilized in these constructs can be found in GenBank under Accession No. AF063497 and 

20 these sequences are hereby incorporated in their entireties by this reference. Examples of 
AAV2 sequences that can be utilized in these constructs can be found in GenBank under 
Accession No. AF043303 and these sequences are hereby incorporated in their entireties by 
this reference. Examples of AAV3 sequences that can be utilized in these constructs can be 
found in GenBank under Accession No. NCJ)01729 and these sequences are hereby 

25 incorporated in their entireties by this reference. Examples of AAV4 sequences that can be 
utilized in these constructs can be found in GenBank under Accession No. U89790 and 
these sequences are hereby incorporated in their entireties by this reference. Examples of 
AAV5 sequences that can be utilized in these constructs can be found in GenBank under 
Accession No. AF085716 and these sequences are hereby incorporated in their entireties by 

30 this reference. Examples of AAV6 sequences that can be utilized in these constructs can be 
found in GenBank under Accession No. NC_001862 and AF028704 and these sequences 
are hereby incorporated in their entireties by this reference. Examples of AAV7 sequences 
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that can be utilized in these constructs can be found in GenBank under Accession No. 
AF513851 and these sequences are hereby incorporated in their entireties by this reference. 
Examples of AAV8 sequences that can be utilized in these constructs can be found in 
GenBank under Accession No. AF5 13852 and these sequences are hereby incorporated in 
5 their entireties by this reference. Examples of AAAV sequences that can be utilized in 
these constructs can be found in GenBank under Accession No. AY186198 and these 
sequences are hereby incorporated in their entireties by this reference. 

In any of the constructs described herein, inclusion of a promoter is preferred. As 
used in the constructs herein, unless otherwise specified, Cap (capsid) refers to any of 
10 BAAV VP1 , BAAV VP2, BAAV VP3, combinations thereof, functional fragments of any 
of VP1, VP2 or VP3, or chimeric capsids as described herein. The ITRs of the constructs 
described herein, can be chimeric recombinant ITRs as described elsewhere in the 
application. 

Conjugates of recombinant or wild-type BAAV virions and nucleic acids or proteins 

1 5 can be used to deliver those molecules to a cell. For example, the purified BAAV can be 
used as a vehicle for delivering DNA bound to the exterior of the virus. Examples of this 
are to conjugate the DNA to the virion by a bridge using poly-L-lysine or other charged 
molecule. Also contemplated are virosomes that contain BAAV structural proteins (BAAV 
capsid proteins), lipids such as DOTAP, and nucleic acids that are complexed via charge 

20 interaction to introduce DNA into cells. 

Also provided herein are conjugates that utilize the BAAV capsid or a unique region 
of the BAAV capsid protein (e.g. VP1, VP2 or VP3 or combinations thereof) to introduce 
DNA into cells. For example, the BAAV VP3 protein or fragment thereof, can be 
conjugated to a DNA on a plasmid that is conjugated to a lipid. Cells can be infected using 

25 the targeting ability of the VP3 capsid protein to achieve the desired tissue tropism, specific 
to BAAV. BAAV VP1 and VP2 proteins can also be utilized to introduce DNA or other 
molecules into cells. By further incorporating the Rep protein and the AAV TRS into the 
DNA-containing conjugate, cells can be transduced and targeted integration can be 
achieved. For example, if BAAV specific targeted integration is desired, a conjugate 

30 composed of the BAAV VP3 capsid, BAAV rep or a fragment of BAAV rep, BAAV TRS, 
the rep binding site, the exogenous DNA of interest, and a lipid, can be utilized to achieve 
BAAV specific tropism and BAAV specific targeted integration in the genome. 
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Further provided herein are chimeric viruses where BAAV vectors can be 
encapsidated by herpes simplex virus (HSV) (Heister, T., et al. J Virol. 2002 
Jul;76(14):7163-73), incorporated herein for its teaching of HSV/AAV hybrid vectors), 
baculovirus or other viruses to achieve a desired tropism associated with another virus. For 
5 example, the BAAV ITRs could be encapsidated by HSV and cells could be infected. Post- 
infection, the ITRs of BAAV could be acted on by BAAV rep provided in the system or in a 
separate vehicle to rescue BAAV from the genome. Therefore, the cellular tropism of HSV 
can be combined with BAAV rep mediated targeted integration. Other viruses that could be 
utilized to construct chimeric viruses include lentivirus, retrovirus, pseudotyped retroviral 

10 vectors and adenoviral vectors. 

Provided herein are isolated nucleic acids of BAAV. For example, provided is an 
isolated nucleic acid comprising the nucleotide sequence set forth in SEQ ID NO:l (BAAV 
genome). This nucleic acid, or portions thereof, can be inserted into vectors, such as 
plasmids, yeast artificial chromosomes, or other viral vector (particle), if desired, by 

15 standard cloning methods. Also provided is an isolated nucleic acid consisting essentially 
of the nucleotide sequence set forth in SEQ ID NO:l . 

The phrase "consisting essentially of is used herein to refer to a composition that 
comprises the essential characteristics of the identified composition. By "essential" is meant 
the characteristics that contribute to the structure or function of the disclosed molecule. 

20 Thus, any substitution, deletion or addition to the provided composition that does not 
significantly alter the defining characteristics of the composition are considered therein. 

For example, if an amino acid sequence X is disclosed, then a provided polypeptide 
consisting essentially of the amino acid sequence X includes, for example, conservative 
amino acid substitutions (as described below) that do not significantly alter the essential 

25~ characteristics of the polypeptide, e.g., secondary/ tertiary structure or function of the 

proiem. The provided polypeptide can further constitute a fusion protein or otherwise have 
additional N-terminal, C-terminal, or intermediate amino acid sequences, e.g., linkers or 
tags. "Linker", as used herein, is an amino acid sequences or insertion that can be used to 
connect or separate two distinct polypeptides or polypeptide fragments, wherein the linker 

30 does not otherwise contribute to the essential function of the composition. A polypeptide 
provided herein, can have an amino acid linker comprising, for example, the amino acids 
GLS, ALS, or LLA. A "tag", as used herein, refers to a distinct amino acid sequence that 
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can be used to detect or purify the provided polypeptide, wherein the tag does not otherwise 
contribute to the essential function of the composition. The provided polypeptide can 
further have deleted N-terminal, C-terminal or intermediate amino acids that do not 
contribute to the essential activity of the polypeptide. 
5 As another example, if a nucleic acid X is disclosed, then a provided nucleic acid 

consisting essentially of nucleic acid sequence X, includes, for example, nucleotide 
substitutions that do not alter the amino acid sequence of the encoded polypeptide, i.e., due 
to degeneracy. If sequence X comprises introns and exons, then the provided nucleic acid 
can further be the cDNA sequence that lacks the introns but comprises the exons of 

10 sequence X. To the extent that specific genes within a genome are identified herein, it is 
further understood that the disclosure of a nucleic acid consisting essentially of the genome 
sequence would include fragments of the genome such as isolated sequences comprising a 
gene or genes within the genome. 

Other characteristics of nucleic acid or amino acid sequences that are not herein 

15 considered essential include, for example, junk DNA between genes or any identifiable 
sequence unit, e.g., promoters, enhancers, transmembrane domains, poly-adenylation 
sequences, signal sequences, etc., that when substituted or removed would be presumed by 
one skilled in the art to not significantly alter the essential characteristics of the disclosed 
sequence. 

20 Thus, the nucleotides of SEQ ID NO: 1 can have minor modifications and still be 

contemplated herein. For example, modifications that do not alter the amino acid encoded 
by any given codon (such as by modification of the third, "wobble," position in a codon) 
can readily be made, and such alterations are known in the art. Furthermore, modifications 
that cause a resulting neutral (conserved) amino acid substitution of a similar amino acid 

25 can be made in a coding region of the genome. Additionally, modifications as described 
herein for the B AAV componenis, sucn as ine rTSts, the p5 promoter, etc. are contemplated 
herein. Furthermore, modifications to regions of SEQ ID NO:l other than in the ITR, TRS, 
Rep binding site and hairpin are likely to be tolerated without serious impact on the function 
of the nucleic acid as a recombinant vector. 

30 As used herein, the term "isolated" refers to a nucleic acid separated or significantly 

free from at least some of the other components of the naturally occurring organism, for 

example, the cell structural components or viral components commonly found associated 
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with nucleic acids in the environment of the virus and/or other nucleic acids. The isolation 
of the native nucleic acids can be accomplished, for example, by techniques such as cell 
lysis followed by phenol plus chloroform extraction, followed by ethanol precipitation of 
the nucleic acids. The nucleic acids provided herein can be isolated from cells according to 
5 any of many methods well known in the art. 

As used herein, the term "nucleic acid" refers to single- or multiple-stranded 
molecules which may be DNA or RNA, or any combination thereof, including 
modifications to those nucleic acids. The nucleic acid may represent a coding strand or its 
complement, or any combination thereof. Nucleic acids may be identical in sequence to the 

10 sequences which are naturally occurring for any of the genes discussed herein or may 
include alternative codons which encode the same amino acid as those provided herein, 
including that which is found in the naturally occurring sequence. These nucleic acids can 
also be modified from their typical structure. Such modifications include, but are not 
limited to, methylated nucleic acids, the substitution of a non-bridging oxygen on the 

1 5 phosphate residue with either a sulfur (yielding phosphorothioate deoxynucleotides), 
selenium (yielding phosphorselenoate deoxynucleotides), or methyl groups (yielding 
methylphosphonate deoxynucleotides). 

Additionally provided is an isolated nucleic acid that selectively hybridizes with any 
nucleic acid disclosed herein, including the entire BAAV genome and any unique fragment 

20 thereof, including the Rep and capsid encoding sequences, promoters and ITRs (e.g. SEQ 
ID NOS: 1, 2, 4, 6, 8, 10, 12, 13, 14, 15, 16, 17). Specifically, the nucleic acid can 
selectively or specifically hybridize to an isolated nucleic acid consisting of the nucleotide 
sequence set forth in SEQ ID NO:l (BAAV genome). Further provided is an isolated 
nucleic acid that selectively or specifically hybridizes with an isolated nucleic acid 

25 comprising the nucleotide sequence set forth in SEQ ID NO:l (BAAV genome). By 

"selectively hybridizes" as used herein is meant a nucleic acid that hybridizes to one of the 
disclosed nucleic acids under sufficient stringency conditions without significant 
hybridization to a nucleic acid encoding an unrelated protein, and particularly, without 
detectably hybridizing to nucleic acids of AAV2. Thus, a nucleic acid that selectively 

30 hybridizes with a nucleic acid provided herein will not selectively hybridize under stringent 
conditions with a nucleic acid encoding a different protein or the corresponding protein 
from a different serotype of the virus, and vice versa. A "specifically hybridizing" nucleic 
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acid is one that hybridizes under stringent conditions to only a nucleic acid found in BAAV. 
Therefore, nucleic acids for use, for example, as primers and probes to detect or amplify the 
target nucleic acids are contemplated herein. Nucleic acid fragments that selectively 
hybridize to any given nucleic acid can be used, e.g., as primers and or probes for further 
5 hybridization or for amplification methods (e.g., polymerase chain reaction (PCR), ligase 
chain reaction (LCR)). Additionally, for example, a primer or probe can be designed that 
selectively hybridizes with both BAAV and a gene of interest carried within the BAAV 
vector (i.e., a chimeric nucleic acid). 

Stringency of hybridization is controlled by both temperature and salt concentration 

10 of either or both of the hybridization and washing steps. Typically, the stringency of 

hybridization to achieve selective hybridization involves hybridization in high ionic strength 
solution (6X SSC or 6X SSPE) at a temperature that is about 12-25°C below the T m (the 
melting temperature at which half of the molecules dissociate from their hybridization 
partners) followed by washing at a combination of temperature and salt concentration 

15 chosen so that the washing temperature is about 5°C to 20°C below the T m . The 
temperature and salt conditions are readily determined empirically in preliminary 
experiments in which samples of reference DNA immobilized on filters are hybridized to a 
labeled nucleic acid of interest and then washed under conditions of different stringencies. 
Hybridization temperatures are typically higher for DNA-RNA and RNA-RNA 

20 hybridizations. The washing temperatures can be used as described above to achieve 
selective stringency, as is known in the art. (Sambrook et al., Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, New 
York, 1989; Kunkel et al. Methods Enzymol. 1987:154:367, 1987). A preferable stringent 
hybridization condition for a DNA:DNA hybridization can be at about 68°C (in aqueous 

25 solution) in 6X SSC or 6X SSPE followed by washing at 68°C. Stringency of hybridization 
and washing, if desired, can be reduced accordingly as the degree of complementarity 
desired is decreased, and further, depending upon the G-C or A-T richness of any area 
wherein variability is searched for. Likewise, stringency of hybridization and washing, if 
desired, can be increased accordingly as homology desired is increased, and further, 

30 depending upon the G-C or A-T richness of any area wherein high homology is desired, all 
as known in the art. 
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A nucleic acid that selectively hybridizes to any portion of the BAAV genome is 
contemplated herein. Therefore, a nucleic acid that selectively hybridizes to BAAV can be 
of longer length than the BAAV genome, it can be about the same length as the BAAV 
genome or it can be shorter than the BAAV genome. The length of the nucleic acid is 
5 limited on the shorter end of the size range only by its specificity for hybridization to 

BAAV, i.e., once it is too short, typically less than about 5 to 7 nucleotides in length, it will 
no longer bind specifically to BAAV, but rather will hybridize to numerous background 
nucleic acids. Additionally contemplated herein is a nucleic acid that has a portion that 
specifically hybridizes to BAAV and a portion that specifically hybridizes to a gene of 

10 interest inserted within BAAV. 

Provided is an isolated nucleic acid comprising a BAAV p5 promoter. The nucleic 
acid can consist of the sequence set forth in SEQ ID NO: 15. The nucleic acid can consist 
essentially of the sequence set forth in SEQ ID NO: 15. Further provided is a nucleic acid 
that selectively hybridizes with the sequence set forth in SEQ ID NO: 15. 

15 Provided is an isolated nucleic acid comprising a BAAV pi 9 promoter. The nucleic 

acid can consist of the sequence set forth in SEQ ID NO: 16. The nucleic acid can consist 
essentially of the sequence set forth in SEQ ID NO: 16. Further provided is a nucleic acid 
that selectively hybridizes with the sequence set forth in SEQ ID NO: 16. 

Provided is an isolated nucleic acid comprising a BAAV p40 promoter. The nucleic 

20 acid can consist of the sequence set forth in SEQ ID NO: 1 7. The nucleic acid can consist 
essentially of the sequence set forth in SEQ ID NO: 17. Further provided is a nucleic acid 
that selectively hybridizes with the sequence set forth in SEQ ID NO: 17. 

Provided is an isolated nucleic acid comprising a BAAV ITR. The isolated nucleic 
acid can comprise the sequence set forth in SEQ ID NO: 12. The isolated nucleic acid can 

25 consist essentially of the sequence set forth in SEQ ID NO:12. Further provided is an 
isolated nucleic acid that selectively hybridizes with the sequence set forth in SEQ ID 
NO:12. 

Further provided is an isolated nucleic acid encoding a bovine adeno-associated 
virus Rep protein. The BAAV Rep proteins are encoded by open reading frame (ORF) 1 of 
30 the BAAV genome. Examples of the BAAV Rep genes are shown in the nucleic acid set 
forth in SEQ ID NO:l, and include nucleic acids consisting essentially of the nucleotide 
sequences set forth in SEQ ID NOS:2 (rep78), 4(rep52) and nucleic acids comprising the 
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nucleotide sequences set forth in SEQ ID NOS:2 and 4. However, it is contemplated that 
the Rep nucleic acid can include any one, two, three, or four of the four Rep proteins, in any 
order, in such a nucleic acid. 

Furthermore, minor modifications are contemplated in the nucleic acid, such as 
5 silent mutations in the coding sequences, mutations that make neutral or conservative 
changes in the encoded amino acid sequence, and mutations in regulatory regions that do 
not disrupt the expression of the gene. Examples of other minor modifications are known in 
the art. Further modifications can be made in the nucleic acid, such as to disrupt or alter 
expression of one or more of the Rep proteins in order to, for example, determine the effect 

10 of such a disruption; such as to mutate one or more of the Rep proteins to determine the 
resulting effect, etc. However, in general, a modified nucleic acid encoding a Rep protein 
will have at least about 85%, about 90%, about 93%, about 95%, about 98% or 100% 
homology to the Rep nucleic sequences described herein e.g., SEQ ID NOS: 2, and 4, and 
the Rep polypeptide encoded therein will have overall about 93%, about 95%, about 98%, 

15 about 99% or 100% homology with the amino acid sequence described herein, e.g., SEQ ID 
NOS:3 and 5. Percent homology is determined by the techniques described herein. 

Provided herein is an isolated nucleic acid that selectively or specifically hybridizes 
with a nucleic acid consisting essentially of the nucleotide sequence set forth in SEQ ID 
NOS:2 and 4, and an isolated nucleic acid that selectively hybridizes with a nucleic acid 

20 comprising the nucleotide sequence set forth in SEQ ID NOS:2 and 4. "Selectively 
hybridizing" and "stringency of hybridization" is defined elsewhere herein. 

As described above, provided is the nucleic acid encoding a Rep 78 protein and, in 
particular an isolated nucleic acid comprising the nucleotide sequence set forth in SEQ ID 
NO: 2, an isolated nucleic acid consisting essentially of the nucleotide sequence set forth in 

25 SEQ ID NO: 2, and a nucleic acid encoding the bovine adeno-associated virus protein 
having the amino acid sequence set forth in SEQ- 3D NO: 3. Also provided is the nucleic 
acid encoding a Rep 52 protein, and in particular an isolated nucleic acid comprising the 
nucleotide sequence set forth in SEQ ID NO:4, an isolated nucleic acid consisting 
essentially of the nucleotide sequence set forth in SEQ ID NO:4, and a nucleic acid 

30 encoding the bovine adeno-associated virus Rep 52 protein having the amino acid sequence 
set forth in SEQ ID NO:5. As described elsewhere herein, these nucleic acids can have 
minor modifications, including silent nucleotide substitutions, mutations causing 
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conservative amino acid substitutions in the encoded proteins, and mutations in control 
regions that do not or minimally affect the encoded amino acid sequence. 

Further provided is an isolated nucleic acid encoding a BAAV Capsid protein. 
Furthermore, provided is a nucleic acid encoding each of the three BAAV capsid proteins, 
5 VP1, VP2, and VP3. Thus, provided is an isolated nucleic acid encoding BAAV VP1, a 
nucleic acid encoding BAAV VP2, and an isolated nucleic acid encoding BAAV VP3. 
Thus, provided is an isolated nucleic acid encoding the amino acid sequence set forth in 
SEQ ID NO:7 (VP1); an isolated nucleic acid encoding the amino acid sequence set forth 
in SEQ ID NO:9 (VP2), and an isolated nucleic acid encoding the amino acid sequence set 

10 forth in SEQ ID NO: 1 1 (VP3). Also specifically provided is an isolated nucleic acid 

comprising SEQ ID NO:6 (VP1 gene); an isolated nucleic acid comprising SEQ ID NO:8 
(VP2 gene); and an isolated nucleic acid comprising SEQ ID NO: 10 (VP3 gene). Also 
specifically provided is an isolated nucleic acid consisting essentially of SEQ ED NO:6 
(VP1 gene), an isolated nucleic acid consisting essentially of SEQ ID NO:8 (VP2 gene), and 

15 an isolated nucleic acid consisting essentially of SEQ ID NO: 10 (VP3 gene). Minor 
modifications in the nucleotide sequences encoding the capsid, or coat, proteins are 
contemplated, as described above for other BAAV nucleic acids. However, in general, a 
modified nucleic acid encoding a capsid protein will have at least about 85%, about 90%, 
about 93%, about 95%, about 98% or 100% homology to the capsid nucleic sequences 

20 described herein e.g., SEQ ED NOS: 6, 8, and 10, and the capsid polypeptide encoded 

therein will have overall about 93%, about 95%, about 98%, about 99% or 100% homology 
with the amino acid sequence described herein, e.g., SEQ ID NOS:7, 9, and 11. Isolated 
nucleic acids that selectively hybridize with the nucleic acids of SEQ ID NOS:6, 8 or 10 
under the conditions described above are also provided. 

25 Also provided is a cell containing one or more of the herein described nucleic acids, 

sucn as xne BAAV genome, BAAV ORFI and ORF2, each BAAV Rep protein gene, or 
each BAAV capsid protein gene. Such a cell can be any desired cell and can be selected 
based upon the use intended. For example, cells can include bacterial cells, yeast cells, 
insect cells, human HeLa cells and simian Cos cells as well as other human and mammalian 

30 cells and cell lines. Primary cultures as well as established cultures and cell lines can be 
used. Nucleic acids provided herein can be delivered into cells by any selected means, in 
particular depending upon the target cells. Many delivery means are well-known in the art. 
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For example, electroporation, calcium phosphate precipitation, microinjection, cationic or 
anionic liposomes, and liposomes in combination with a nuclear localization signal peptide 
for delivery to the nucleus can be utilized, as is known in the art. Additionally, if the 
nucleic acids are in a viral particle, the cells can simply be transduced with the virion by 

5 standard means known in the art for AAV transduction. Small amounts of the recombinant 
BAAV virus can be made to infect cells and produce more of itself. 

Provided herein are purified BAAV polypeptides. The term "polypeptide" as used 
herein refers to a polymer of amino acids and includes full-length proteins and fragments 
thereof. Thus, "protein," polypeptide," and "peptide" are often used interchangeably herein. 

10 Substitutions can be selected by known parameters to be neutral (see, e.g., Robinson WE Jr, 
and Mitchell WM, AIDS 4:S151-S162 (1990)). As will be appreciated by those skilled in 
the art, also provided herein are those polypeptides having slight variations in amino acid 
sequences or other properties. Such variations may arise naturally as allelic variations (e.g., 
due to genetic polymorphism) or may be produced by human intervention (e.g., by 

15 mutagenesis of cloned DNA sequences), such as induced point, deletion, insertion and 

substitution mutants. Minor changes in amino acid sequence are generally preferred, such 
as conservative amino acid replacements, small internal deletions or insertions, and 
additions or deletions at the ends of the molecules. Substitutions may be designed based on, 
for example, the model of Dayhoff, et al. (in Atlas of Protein Sequence and Structure 1978, 

20 Natl Biomed. Res. Found., Washington, D.C.). These modifications can result in changes 
in the amino acid sequence, provide silent mutations, modify a restriction site, or provide 
other specific mutations. The location of any modifications to the polypeptide will often 
determine its impact on function. Particularly, alterations in regions non-essential to protein 
function will be tolerated with fewer effects on function. Elsewhere in the application 

25 regions of the BAAV proteins are described to provide guidance as to where substitutions, 
additions or deletions can be maue 10 minimize me likelihood of disturbing the function of 
the variant. 

Protein variants and derivatives are well understood to those of skill in the art and in 
can involve amino acid sequence modifications. For example, amino acid sequence 
30 modifications typically fall into one or more of three classes: substitutional, insertional or 
deletional variants. Insertions include amino and/or carboxyl terminal fusions as well as 
intrasequence insertions of single or multiple amino acid residues. Insertions ordinarily will 
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be smaller insertions than those of amino or carboxyl terminal fusions, for example, on the 
order of one to four residues. Deletions are characterized by the removal of one or more 
amino acid residues from the protein sequence. Typically, no more than about from 2 to 6 
residues are deleted at any one site within the protein molecule. These variants ordinarily 

5 are prepared by site specific mutagenesis of nucleotides in the DNA encoding the protein, 
thereby producing DNA encoding the variant, and thereafter expressing the DNA in 
recombinant cell culture. Techniques for making substitution mutations at predetermined 
sites in DNA having a known sequence are well known, for example Ml 3 primer 
mutagenesis and PCR mutagenesis. Amino acid substitutions are typically of single 

10 residues, but can occur at a number of different locations at once; insertions usually will be 
on the order of about from 1 to 10 amino acid residues; and deletions will range about from 
1 to 30 residues. Deletions or insertions preferably are made in adjacent pairs, i.e. a 
deletion of 2 residues or insertion of 2 residues. Substitutions, deletions, insertions or any 
combination thereof may be combined to arrive at a final construct. The mutations must not 

15 place the sequence out of reading frame and preferably will not create complementary 

regions that could produce secondary mRNA structure. Substitutional variants are those in 
which at least one residue has been removed and a different residue inserted in its place. 
Such substitutions generally are made in accordance with the following Tables 1 and 2 and 
are referred to as conservative substitutions. 



TABLE 1: Amino Acid Abbreviations 


Amino Acid 


Abbreviat 


Ions 


alanine 


Ala | 


A 


allosoleucine 


Alle 




arginine 


Arg 


R 


asparagine 


Asn 


N 


aspartic acid 


Asp 


D 


cysteine 


Cys 


C 


glutamic acid 


Glu 


E 


glutamine 


Gin 


Q 


glycine 


Gly 


G 


histidine 


His 


H 


isolelucine 


lie 


I 


leucine 


Leu 


L 


lysine 


Lys 


K 


phenylalanine 


Phe 


F 


proline 


Pro 


P 


pyroglutamic acid 


pGlu 




serine 


Ser 


S 


threonine 


Thr 


T 
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TABLE 1 : Amino Acid Abbreviations 


Amino Acid 


Abbreviations 


tyrosine 


Tyr 


Y 


tryptophan 


Trp 


W 


valine 


Val 


V 



TABLE 2: Amino Acid Substitutions 


Original Residue Exemplary Conservative Substitutions, others are known in the 
art. 


Ala 


Ser 


Arg 


Lys; Gin _ 


Asn 


Gin; His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn, Lys 


Glu 


Asp 


Gly 


Pro 


His 


Asn;Gln 


He 


Leu; Val 


Leu 


He; Val 


Lys 


Arg; Gin 


Met 


Leu; lie 


Phe 


Met; Leu; Tyr 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr 


Tyr 


Trp; Phe 


Val 


He; Leu 



Substantial changes in function or immunological identity can result from selecting 

substitutions that are less conservative than those in Table 2, i.e., selecting residues that 

5 differ more significantly in their effect on maintaining (a) the structure of the polypeptide 

backbone in the area of the substitution, for example as a sheet or helical conformation, (b) 

the charge or hydrophobicity of the molecule at the target site or (c) the bulk of the side 

chain. The substitutions which in general are expected to produce the greatest changes in 

the protein properties will be those in which (a) a hydrophilic residue, e.g. seryl or threonyl, 

10 is substituted for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or 

alanyl; (b) a cysteine or proline is substituted for (or by) any other residue; (c) a residue 

having an electropositive side chain, e.g., lysyl, arginyl, or histidyl, is substituted for (or by) 

an electronegative residue, e.g., glutamyl or aspartyl; or (d) a residue having a bulky side 

chain, e.g., phenylalanine, is substituted for (or by) one not having a side chain, e.g., 

15 glycine, in this case, (e) by increasing the number of sites for sulfation and/or glycosylation. 

3g 
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For example, the replacement of one amino acid residue with another that is 
biologically and/or chemically similar is known to those skilled in the art as a conservative 
substitution. For example, a conservative substitution would be replacing one hydrophobic 
residue for another, or one polar residue for another. The substitutions include 

5 combinations such as, for example, Gly, Ala; Val, He, Leu; Asp, Glu; Asn, Gin; Ser, Thr; 
Lys, Arg; and Phe, Tyr. Such conservatively substituted variations of each explicitly 
disclosed sequence are included within the mosaic polypeptides provided herein. 

Generally, a conservative substitution is a substitution of an amino acid residue for 
another amino acid residue having similar biochemical properties. Typically, conservative 

1 0 substitutions have little to no impact on the biological activity of a resulting polypeptide. In 
a particular example, a conservative substitution is an amino acid substitution in a peptide 
that does not substantially affect the biological function of the peptide. A peptide can 
include one or more amino acid substitutions, for example 2-10 conservative substitutions, 
2-5 conservative substitutions, 4-9 conservative substitutions, such as 2, 5 or 10 

15 conservative substitutions. 

For example, a conservative substitution in VP3 peptide (such as a peptide encoded 
by SEQ ID NO:9) does not substantially affect the ability of VP3 peptide to confer the 
unique tropism of the BAAV particle. A polypeptide can be produced to contain one or 
more conservative substitutions by manipulating the nucleotide sequence that encodes that 

20 polypeptide using, for example, standard procedures such as site-directed mutagenesis or 
PCR. Alternatively, a polypeptide can be produced to contain one or more conservative 
substitutions by using standard peptide synthesis methods. An alanine scan can be used to 
identify which amino acid residues in a protein can tolerate an amino acid substitution. In 
one example, the biological activity of the protein is not decreased by more than 25%, for 

25 example not more than 20%, for example not more than 10%, when an alanine, or other 
conservative amino acid (such as those listed below), is substituted for one or more native 
amino acids. 

Examples of amino acids which can be substituted for an original amino acid in a 
protein and which are regarded as conservative substitutions include, but are not limited to: 
30 Ser for Ala; Lys for Arg; Gin or His for Asn; Glu for Asp; Ser for Cys; Asn for Gin; Asp for 
Glu; Pro for Gly; Asn or Gin for His; Leu or Val for He; He or Val for Leu; Arg or Gin for 
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Lys; Leu or He for Met; Met, Leu or Tyr for Phe; Thr for Ser, Ser for Thr; Tyr for Trp; Trp 
or Phe for Tyr; and He or Leu for Val. 

Further information about conservative substitutions can be found in, among other 
locations in, Ben-Bassat et al., (J. Bacteriol. 169:751-7, 1987), O'Regan et al., (Gene 
5 77:237-51, 1989), Sahin-Toth et al., (Protein Sci. 3:240-7, 1994), Hochuli et al., 

(Bio/Technology 6:1321-5, 1988) and in standard textbooks of genetics and molecular 
biology. 

Substitutional or deletional mutagenesis can be employed to insert sites for N- 
glycosylation (Asn-X-Thr/Ser) or O-glycosylation (Ser or Thr). Deletions of cysteine or 

10 other labile residues also may be desirable. Deletions or substitutions of potential 

proteolysis sites, e.g. Arg, is accomplished for example by deleting one of the basic residues 
or substituting one by glutaminyl or histidyl residues. 

Certain post-translational derivatizations are the result of the action of recombinant 
host cells on the expressed polypeptide. Glutaminyl and asparaginyl residues are frequently 

15 post-translationally deamidated to the corresponding glutamyl and asparyl residues. 

Alternatively, these residues are deamidated under mildly acidic conditions. Other post- 
translational modifications include hydroxylation of proline and lysine, phosphorylation of 
hydroxyl groups of seryl or threonyl residues, methylation of the o-amino groups of lysine, 
arginine, and histidine side chains (T.E. Creighton, Proteins: Structure and Molecular 

20 Properties, W. H. Freeman & Co., San Francisco pp 79-86 [1983]), acetylation of the N- 
terminal amine and, in some instances, amidation of the C-terminal carboxyl. 

It is understood that there are numerous amino acid and peptide analogs which can 
be incorporated into the disclosed compositions. For example, there are numerous D amino 
acids or amino acids which have a different functional substituent then the amino acids 

25 shown in Table 1 and Table 2. The opposite stereo isomers of naturally occurring peptides 
are disclosed, as well as the stereo isomers orpepride analogs. These amino acids can 
readily be incorporated into polypeptide chains by charging tRNA molecules with the 
amino acid of choice and engineering genetic constructs that utilize, for example, amber 
codons, to insert the analog amino acid into a peptide chain in a site specific way (Thorson 

30 et al., Methods in Molec. Biol. 77:43-73 (1991), Zoller, Current Opinion in Biotechnology, 
3:348-354 (1992); Ibba, Biotechnology & Genetic Enginerring Reviews 13:197-216 (1995), 
Cahill et al., TIBS, 14(10):400-403 (1989); Benner, TIB Tech, 12:158-163 (1994); Ibba and 
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Hennecke, Bio/technology, 12:678-682 (1994) all of which are herein incorporated by 
reference at least for material related to amino acid analogs). 

Molecules can be produced that resemble peptides, but which are not connected via 
a natural peptide linkage. For example, linkages for amino acids or amino acid analogs can 
5 include CH2NH— , --CH2S--, --CH2--CH2 --, --CH=CH~ (cis and trans), --COCH2 - 
CH(OH)CH2-, and --CHH2SO — (These and others can be found in Spatola, A. F. in 
Chemistry and Biochemistry of Amino Acids, Peptides, and Proteins, B. Weinstein, eds., 
Marcel Dekker, New York, p. 267 (1983); Spatola, A. F., Vega Data (March 1983), Vol. 1, 
Issue 3, Peptide Backbone Modifications (general review); Morley, Trends Pharm Sci 

10 (1980) pp. 463-468; Hudson, D. et al., Int J Pept Prot Res 14: 177-185 (1979) (-CH2NH-, 
CH2CH2-); Spatola et al. Life Sci 38:1243-1249 (1986) (-CH H2--S); Hann J. Chem. Soc 
Perkin Trans. 1 307-314 (1982) (-CH-CH-, cis and trans); Almquist et al. J. Med. Chem. 
23:1392-1398 (1980) (-COCH2-); Jennings-White et al. Tetrahedron Lett 23:2533 (1982) 
(-COCH2-); Szelke et al. European Appln, EP 45665 CA (1982): 97:39405 (1982) (-- 

15 CH(OH)CH2-); Holladay et al. Tetrahedron. Lett 24:4401-4404 (1983) (~C(OH)CH2~); 
and Hruby Life Sci 31:189-199 (1982) (-CH2-S-); each of which is incorporated herein 
by reference. A particularly preferred non-peptide linkage is -CH2NH-. It is understood 
that peptide analogs can have more than one atom between the bond atoms, such as b- 
alanine, g-aminobutyric acid, and the like. 

20 Amino acid analogs and analogs and peptide analogs often have enhanced or 

desirable properties, such as, more economical production, greater chemical stability, 
enhanced pharmacological properties (half-life, absorption, potency, efficacy, etc.), altered 
specificity (e.g., a broad-spectrum of biological activities), reduced antigenicity, and others. 
D-amino acids can be used to generate more stable peptides, because D amino acids 

25 are not recognized by peptidases and such. Systematic substitution of one or more amino 
acius of a consensus sequence with a D-aniino acid of the same type (e.g., D-lysine in place 
of L-lysine) can be used to generate more stable peptides. Cysteine residues can be used to 
cyclize or attach two or more peptides together. This can be beneficial to constrain peptides 
into particular conformations. (Rizo and Gierasch Ann. Rev. Biochem. 61:387 (1992), 

30 incorporated herein by reference). 

A polypeptide provided herein can be readily obtained by any of several means. For 
example, the polypeptide of interest can be synthesized chemically by standard methods. 
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Additionally, the coding regions of the genes can be recombinantly expressed and the 
resulting polypeptide isolated by standard methods. Furthermore, an antibody specific for 
the resulting polypeptide can be raised by standard methods (see, e.g., Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
5 New York, 1988), and the protein can be isolated from a cell expressing the nucleic acid 
encoding the polypeptide by selective hybridization with the antibody. This protein can be 
purified to the extent desired by standard methods of protein purification (see, e.g., 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York, 1989). 

10 An antigenic or immunoreactive fragment of the provided compositions and 

methods is typically an amino acid sequence of at least about 5 consecutive amino acids, 
and it can be derived from the B AAV polypeptide amino acid sequence. An antigenic 
BAAV fragment is any fragment unique to the BAAV protein, as described herein, against 
which a BAAV-specific antibody can be raised, by standard methods. Thus, the resulting 

1 5 antibody-antigen reaction should be specific for BAAV. 

By "unique fragment thereof 1 is meant any smaller polypeptide fragment encoded 
by a BAAV rep gene that is of sufficient length to be found only in the Rep polypeptide. 
Substitutions and modifications of the amino acid sequence can be made as described herein 
and, further, can include protein processing modifications, such as glycosylation, to the 

20 polypeptide. Typically, to be unique, a polypeptide fragment provided herein will be at least 
about 5 amino acids in length; however, unique fragments can be 6, 7, 8, 9, 10, 20, 30, 40, 
50, 60, 70, 80, 90, 100 or more amino acids in length. A unique polypeptide will typically 
comprise such a unique fragment; however, a unique polypeptide can also be determined by 
its overall homology. A unique polypeptide can be 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 

25 90, 100 or more amino acids in length. Uniqueness of a polypeptide fragment can readily 
be determined by standard meuious siuai <ls> scaiciies of computer databases of known 
peptide or nucleic acid sequences or by hybridization studies to the nucleic acid encoding 
the protein or to the protein itself, as known in the art. The uniqueness of a polypeptide 
fragment can also be determined immunologically as well as functionally. Uniqueness can 

30 be simply determined in an amino acid-by-amino acid comparison of the polypeptides. 

Provided is an isolated BAAV Rep protein. A BAAV Rep polypeptide is encoded 
by ORF1 of BAAV. Also provided is each individual BAAV Rep protein. Provided is an 
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isolated polypeptide, comprising BAAV Rep 52, or a unique fragment thereof. BAAV Rep 
52 can have the amino acid sequence set forth in SEQ ID NO:5. BAAV Rep 52 protein can 
be encoded by the nucleic acid sequence set forth in SEQ ID NO:2, or a unique fragment 
thereof. Provided is an isolated polypeptide, comprising BAAV Rep 78, or a unique 
5 fragment thereof. BAAV Rep 78 can have the amino acid sequence set forth in SEQ ED 
NO:3. BAAV Rep 78 protein can be encoded by the nucleic acid sequence set forth in SEQ 
ID NO:4, or a unique fragment thereof. 

Further provided is an isolated BAAV Capsid protein or a unique fragment thereof. 
BAAV capsid protein is encoded by ORF 2 of BAAV. Further provided are the individual 

10 BAAV capsid proteins, VP1, VP2 and VP3 or unique fragments thereof. Thus, provided is 
an isolated polypeptide having the amino acid sequence set forth in SEQ ID NO:7 (VP1). 
Further provided is an isolated polypeptide consisting essentially of the amino acid 
sequence set forth in SEQ ID NO:7. Additionally provided is an isolated polypeptide 
having the amino acid sequence set forth in SEQ ID NO:9 (VP2). Further provided is an 

15 isolated polypeptide consisting essentially of the amino acid sequence set forth in SEQ ED 
NO:9. Also provided is an isolated polypeptide having the amino acid sequence set forth in 
SEQ ID NO:l 1 (VP3). Further provided is an isolated polypeptide consisting essentially of 
the amino acid sequence set forth in SEQ ED NO: 1 1 . 

By "unique fragment thereof 1 is meant any smaller polypeptide fragment encoded 

20 by any BAAV capsid gene that is of sufficient length to be found only in the BAAV capsid 
protein. Substitutions and modifications of the amino acid sequence can be made as 
described above and, further, can include protein processing modifications, such as 
glycosylation, to the polypeptide. However, a BAAV Capsid polypeptide including all 
three coat proteins will have greater than about 56% overall homology to the polypeptide 

25 encoded by the nucleotides set forth in SEQ ED NOS:6, 8 or 10. The protein can have about 
65%, about 70%, about 75%, about 80%, about 85%, about 90%, 93%, 95%, 97% or even 
100% homology to the amino acid sequence encoded by the nucleotides set forth in SEQ ID 
NOS:6, 8 or 10. A BAAV VP1 polypeptide can have at least about 58%, about 60%, about 
70%, about 80%, about 90%, 93%, 95%, 97% or about 100% homology to the amino acid 

30 sequence set forth in SEQ ID NO:7. A BAAV VP2 polypeptide can have at least about 
58%, about 60%, about 70%, about 80%, about 90%, 93%, 95%, 97% or about 100% 
homology to the amino acid sequence set forth in SEQ ID NO:9. A BAAV VP3 
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polypeptide can have at least about 60%, about 70%, about 80%, about 90%, 93%, 95%, 
97% or about 100% homology to the amino acid sequence set forth in SEQ ID NO:l 1 . 

Further provided is an isolated antibody that specifically binds a BAAV Rep protein 
or a unique epitope thereof. Also provided are isolated antibodies that specifically bind the 
5 BAAV Rep 52 protein and the BAAV Rep 78 protein having the amino acid sequences set 
forth in SEQ ID NO: 5 and SEQ ID NO: 3, respectively or that specifically binds a unique 
fragment thereof. Clearly, any given antibody can recognize and bind one of a number of 
possible epitopes present in the polypeptide; thus only a unique portion of a polypeptide 
(having the epitope) may need to be present in an assay to determine if the antibody 

1 0 specifically binds the polypeptide. 

Additionally provided is an isolated antibody that specifically binds any of the 
bovine adeno-associated virus capsid proteins (VP1, VP2 or VP3), a unique epitope thereof, 
or the polypeptide comprising all three BAAV coat proteins. Also provided is an isolated 
antibody that specifically binds the BAAV capsid protein having the amino acid sequence 

15 set forth in SEQ ID NO:7 (VP1), or that specifically binds a unique fragment thereof. 

Further provided is an isolated antibody that specifically binds the BAAV Capsid protein 
having the amino acid sequence set forth in SEQ ID NO:9 (VP2), or that specifically binds 
a unique fragment thereof. Additionally provided is an isolated antibody that specifically 
binds the BAAV Capsid protein having the amino acid sequence set forth in SEQ ID NO:l 1 

20 (VP3), or that specifically binds a unique fragment thereof. Again, any given antibody can 
recognize and bind one of a number of possible epitopes present in the polypeptide; thus 
only a unique portion of a polypeptide (having the epitope) may need to be present in an 
assay to determine if the antibody specifically binds the polypeptide. 

The antibody can be a component of a composition that comprises an antibody that 

25 specifically binds the BAAV protein. The composition can further comprise, e.g., serum, 
serum-free medium, or a phannaceerticaffy acceptable carrier such as physiological saline, 
etc. 

By "an antibody that specifically binds" a BAAV polypeptide or protein is meant an 
antibody that selectively binds to an epitope on any portion of the BAAV peptide such that 
30 the antibody binds specifically to the corresponding BAAV polypeptide without significant 
background. Specific binding by an antibody further means that the antibody can be used to 
selectively remove the target polypeptide from a sample comprising the polypeptide or and 
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can readily be determined by radioimmunoassay (RIA), bioassay, or enzyme-linked 
immunosorbant (ELISA) technology. An ELISA method effective for the detection of the 
specific antibody-antigen binding can, for example, be as follows: (1) bind the antibody to 
a substrate; (2) contact the bound antibody with a sample containing the antigen; (3) contact 
5 the above with a secondary antibody bound to a detectable moiety (e.g., horseradish 
peroxidase enzyme or alkaline phosphatase enzyme); (4) contact the above with the 
substrate for the enzyme; (5) contact the above with a color reagent; (6) observe the color 
change. 

An antibody can include antibody fragments such as Fab fragments which retain the 

10 binding activity. Antibodies can be made as described in, e.g., Harlow and Lane, 

Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
New York (1988). Briefly, purified antigen can be injected into an animal in an amount and 
in intervals sufficient to elicit an immune response. Antibodies can either be purified 
directly, or spleen cells can be obtained from the animal. The cells are then fused with an 

15 immortal cell line and screened for antibody secretion. Individual hybridomas are then 
propagated as individual clones serving as a source for a particular monoclonal antibody. 

Additionally provided is a method of screening a cell for infectivity by BAAV, 
comprising contacting the cell with BAAV and detecting the presence of BAAV in the 
cells. BAAV particles can be detected using any standard physical or biochemical methods. 

20 For example, physical methods that can be used for this detection include DNA based 
methods such as 1) polymerase chain reaction (PCR) for viral DNA or RNA or 2) direct 
hybridization with labeled probes, and immunological methods such as by 3) antibody 
directed against the viral structural or non- structural proteins. Catalytic methods of viral 
detection include, but are not limited to, detection of site and strand specific DNA nicking 

25 activity of Rep proteins or replication of an AAV origin- containing substrate. Reporter 
genes can also be utilized to detect cells that transduce BAAV. For example, p-gal, green 
fluorescent protein or luciferase can be inserted into a recombinant BAAV. The cell can 
then be contacted with the recombinant BAAV, either in vitro or in vivo and a colorimetric 
assay could detect a color change in the cells that would indicate transduction of BAAV in 

30 the cell. Additional detection methods are outlined in Fields, Virology, Raven Press, New 
York, New York. 1996. 



45 



WO 2005/056807 PCT7US2004/040825 

Provided is a method of screening a cell for infectivity by BAAV, wherein the 
presence of BAAV in the cells is determined by nucleic acid hybridization methods, a 
nucleic acid probe for such detection can comprise, for example, a unique fragment of any 
of the BAAV nucleic acids provided herein. The uniqueness of any nucleic acid probe can 
5 readily be determined as described herein. Additionally, the presence of BAAV in cells can 
be determined by fluorescence, antibodies to gene products, focus forming assays, plaque 
lifts, Western blots and chromogenic assays. The nucleic acid can be, for example, the 
nucleic acid whose nucleotide sequence is set forth in SEQ ID NO: 1, 3, 4, 6, 8, 10, 12, 13, 
14, 15, 16, 17 or a unique fragment thereof. 

10 Provided is a method of determining the suitability of a BAAV vector for 

administration to a subject comprising contacting an antibody-containing sample from the 
subject with an antigenic fragment of an isolated BAAV Rep or Capsid protein, and 
detecting an antibody-antigen reaction in the sample, the presence of a neutralizing reaction 
indicating the BAAV vector to be unsuitable for use in the subject. Further provided is a 

1 5 method of determining the presence in a subject of a BAAV-specific antibody comprising 
contacting an antibody-containing sample from the subject with an antigenic fragment of an 
isolated BAAV Rep or Capsid protein and detecting an antibody-antigen reaction in the 
sample, the presence of a reaction indicating the presnec of a BAAV-specific antibody in 
the subject. The present methods of determining the suitability of a BAAV vector for 

20 administration to a subject or the presence of a BAAV-specific antibody in a subject can 
comprise contacting an antibody-containing sample from the subject with a unique 
antigenic or immunogenic fragment of a BAAV Rep protein (e.g. Rep 52, Rep 78) and 
detecting an antibody-antigen reaction in the sample, the presence of a reaction indicating 
the presence of a BAAV-specific antibody and therefore the BAAV vector to be unsuitable 

25 for use in the subject . The BAAV Rep proteins are provided herein, and their antigenic 
fragments are routinely determined. The BAAV capsid protein can be used to select an 
antigenic or immunogenic fragment, for example from the amino acid sequence set forth in 
SEQ ID NO:7 (VP1), the amino acid sequence set forth in SEQ ID NO: 9 (VP2) or the 
amino acid sequence set forth in SEQ ID NO:l 1 (VP3). Alternatively, or additionally, an 

30 antigenic or immunogenic fragment of an isolated BAAV Rep protein can be utilized in this 
determination method. The BAAV Rep protein from which an antigenic fragment is 
selected can have the amino acid sequence encoded by the nucleic acid set forth in SEQ ID 
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NO:l, the amino acid sequence set forth in SEQ ID NO:2, or the amino acid sequence set 
forth in SEQ ID NO:4, the amino acid sequence set forth in SEQ ID NO: 3, or the amino 
acid sequence set forth in SEQ ID NO:5. 

The BAAV polypeptide fragments can be analyzed to determine their antigenicity, 

5 immunogenicity and/or specificity. Briefly, various concentrations of a putative 

immunogenically specific fragment are prepared and administered to a subject and the 
immunological response (e.g., the production of antibodies or cell mediated immunity) of 
an animal to each concentration is determined. The amounts of antigen administered 
depend on the subject, e.g. a human, rabbit or a guinea pig, the condition of the subject, the 

10 size of the subject, etc. Thereafter an animal so inoculated with the antigen can be exposed 
to the BAAV viral particle or BAAV protein to test the immunoreactivity or the antigenicity 
of the specific immunogenic fragment. The specificity of a putative antigenic or 
immunogenic fragment can be ascertained by testing sera, other fluids or lymphocytes from 
the inoculated animal for cross reactivity with other closely related viruses, such as AAV 1-8 

15 orAAAV. 

By the "suitability of a BAAV vector for administration to a subject" is meant a 
determination of whether the BAAV vector will elicit a neutralizing immune response upon 
administration to a particular subject. A vector that does not elicit a significant immune 
response is a potentially suitable vector, whereas a vector that elicits a significant, 

20 neutralizing immune response (e.g. at least 90%) is thus likely to be unsuitable for use in 
that subject. Significance of any detectable immune response is a standard parameter 
understood by the skilled artisan in the field. For example, one can incubate the subject's 
serum with the virus, then determine whether that virus retains its ability to transduce cells 
in culture. If such virus cannot transduce cells in culture, the vector likely has elicited a 

25 significant immune response. 

Alternatively, or additionally, one skilled in the art couid determine whether or not 
BAAV administration would be suitable for a particular cell type of a subject. For example, 
the artisan could culture muscle cells in vitro and transduce the cells with BAAV in the 
presence or absence of the subject's serum. If there is a reduction in transduction 

30 efficiency, this could indicate the presence of a neutralizing antibody or other factors that 
may inhibit transduction. Normally, greater than 90% inhibition would have to be observed 
in order to rule out the use of BAAV as a vector. However, this limitation could be 
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overcome by treating the subject with an immunosuppressant that could block the factors 
inhibiting transduction. 

As will be recognized by those skilled in the art, numerous types of immunoassays 
are available for use in the present methods to detect binding between an antibody and a 
5 BAAV polypeptide as provided herein. For instance, direct and indirect binding assays, 
competitive assays, sandwich assays, and the like, as are generally described in, e.g., U.S. 
Pat. Nos. 4,642,285; 4,376,110; 4,016,043; 3,879,262; 3,852,157; 3,850,752; 3,839,153; 
3,791,932; and Harlow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor 
Publications, N.Y. (1988). For example, enzyme immunoassays such as 

10 immunofluorescence assays (IF A), enzyme linked immunosorbent assays (ELISA) and 
immunoblotting can be readily adapted to accomplish the detection of the antibody. An 
ELISA method effective for the detection of the antibody bound to the antigen can, for 
example, be as follows: (1) bind the antigen to a substrate; (2) contact the bound antigen 
with a fluid or tissue sample containing the antibody; (3) contact the above with a secondary 

15 antibody specific for the antigen and bound to a detectable moiety (e.g., horseradish 
peroxidase enzyme or alkaline phosphatase enzyme); (4) contact the above with the 
substrate for the enzyme; (5) contact the above with a color reagent; (6) observe color 
change. 

The antibody-containing sample of this method can comprise any biological sample 
20 which would contain the antibody or a cell containing the antibody, such as blood, plasma, 
serum, bone marrow, saliva and urine. 

Also provided is a method of producing the BAAV virus by transducing a cell with 
the nucleic acid encoding the virus. 

The present method further provides a method of delivering an exogenous nucleic 
25 acid to a cell comprising administering to the ceU~a BAAV particle containing a vector 
comprising the nucleic acid inserted oeiween a pair of AAV inverted terminal repeats, 
thereby delivering the nucleic acid to the cell. 

The AAV ITRs in the vector for the herein described delivery methods can be 
BAAV ITRs (SEQ ID NOS: 12). Furthermore, the AAV ITRs in the vector for the herein 
30 described nucleic acid delivery methods can also comprise AAV1, 2, 3, 4, 5, 6, 7, 8 or 
AAAV inverted terminal repeats. 
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Also provided is a method of delivering an exogenous nucleic acid to a subject 
comprising administering to a cell of or from the subject a BAAV particle containing a 
vector comprising the nucleic acid inserted between a pair of AAV inverted terminal 
repeats, and returning the cell to the subject, thereby delivering the nucleic acid to the 

5 subject. The AAV ITRs can be any AAV ITRs, including BAAV ITRs, AAV5 ITRs and 
AAV2 ITRs. For example, in an ex vivo administration, cells are isolated from a subject by 
standard means according to the cell type and placed in appropriate culture medium, again 
according to cell type (see, e.g., ATCC catalog). Viral particles are then contacted with the 
cells as described above, and the virus is allowed to transduce the cells. Cells can then be 

10 transplanted back into the subject's body, again by means standard for the cell type and 
tissue (e. g. t in general, U.S. Patent No. 5,399,346; for neural cells, Dunnett, S.B. and 
Bjorklund, A., eds., Transplantation: Neural Transplantation-A Practical Approach, 
Oxford University Press, Oxford (1992)). If desired, prior to transplantation, the cells can 
be studied for degree of transduction by the virus, by known detection means and as 

15 described herein. Cells for ex vivo transduction followed by transplantation into a subject 
can be selected from those listed above, or can be any other selected cell. Preferably, a 
selected cell type is examined for its capability to be transfected by BAAV. Preferably, the 
selected cell will be a cell readily transduced with BAAV particles; however, depending 
upon the application, even cells with relatively low transduction efficiencies can be useful, 

20 particularly if the cell is from a tissue or organ in which even production of a small amount 
of the protein or antisense RNA encoded by the vector will be beneficial to the subject. 

Further provided is a method of delivering an exogenous nucleic acid to a cell in a 
subject comprising administering to the subject a BAAV particle containing a vector 
comprising the nucleic acid inserted between a pair of AAV inverted terminal repeats, 

25 thereby delivering the nucleic acid to a cell in the subject. Administration can be an ex vivo 
administration directly to a cell removed from a subject, such as any of the cells listed 
above, followed by replacement of the cell back into the subject, or administration can be in 
vivo administration to a cell in the subject. For ex vivo administration, cells are isolated 
from a subject by standard means according to the cell type and placed in appropriate 

30 culture medium, again according to cell type (see, e.g., ATCC catalog). Viral particles are 
then contacted with the cells as described above, and the virus is allowed to transfect the 
cells. Cells can then be transplanted back into the subject's body, again by means standard 
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for the cell type and tissue (e g, for neural cells, Dunnett, S.B. and Bjorklund, A., eds., 
Transplantation: Neural Transplantation-A Practical Approach, Oxford University Press, 
Oxford (1992)). If desired, prior to transplantation, the cells can be studied for degree of 
transfection by the virus, by known detection means and as described herein. 

5 Further provided is a method of delivering a nucleic acid to a cell in a subject having 

neutralizing antibodies to AAV 1-8 comprising administering to the subject a BAAV 
particle containing a vector comprising the nucleic acid, thereby delivering the nucleic acid 
to a cell in the subject. A subject that has neutralizing antibodies to AAV 1-8 can readily be 
determined by any of several known means, such as contacting AAV1-8 protein(s) with an 

10 antibody-containing sample, such as blood, from a subject and detecting an antigen- 
antibody reaction in the sample. Delivery of the AAV1-8 particle can be by either ex vivo 
or in vivo administration as herein described. Thus, a subject who might have an adverse 
immunogenic reaction to a vector administered in an AAV2 viral particle can have a desired 
nucleic acid delivered using an AAV1-8 particle. This delivery system can be particularly 

15 useful for subjects who have received therapy utilizing AAV 1-8 particles in the past and 

have developed antibodies to AAV 1-8. A BAAV regimen can now be substituted to deliver 
the desired nucleic acid. 

In any of the methods of delivering exogenous nucleic acids to a cell or subject 
described herein, the BAAV-conjugated nucleic acid or BAAV particle-conjugated nucleic 

20 acids described herein can be used. 

In vivo administration to a human subject or an animal model can be by any of many 
standard means for administering viruses, depending upon the target organ, tissue or cell. 
Virus particles can be administered orally, parenterally (e.g., intravenously), by 
intramuscular injection, intrarectally, by direct tissue or organ injection, by intraperitoneal 

25 injection, topically, transdermally, via aerosol delivery, via the mucosa or the like. Viral 
nucleic acids (non-encapsidated) can aiso oe administered, e.g., as a complex with cationic 
liposomes, or encapsulated in anionic liposomes. The present compositions can include 
various amounts of the selected viral particle or non-encapsidated viral nucleic acid in 
combination with a pharmaceutically acceptable carrier and, in addition, if desired, may 

30 include other medicinal agents, pharmaceutical agents, carriers, adjuvants, diluents, etc. 
Parental administration, if used, is generally characterized by injection. Injectables can be 
prepared in conventional forms, either as liquid solutions or suspensions, solid forms 
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suitable for solution or suspension in liquid prior to injection, or as emulsions. Dosages will 
depend upon the mode of administration, the disease or condition to be treated, and the 
individual subject's condition, but will be that dosage typical for and used in administration 
of other AAV vectors, such as AAV2 vectors. Often a single dose can be sufficient; 
5 however, the dose can be repeated if desirable. Administration methods for gene delivery to 
the cochlea are routine and are described in Jero, J. et al. (Gene Ther. 2001 Mar 
20;12(5):539-48) and Staecker H, et al. (Acta Otolaryngol. 2001 Jan; 12 1(2): 157-63), both 
references herein incorporated by reference for these methods. 

Administration methods can be used to treat brain disorders such as Parkinson's 

10 disease, Alzheimer's disease, and demyelination disease. Other diseases that can be treated 
by these methods include metabolic disorders such as musculoskeletal diseases, 
cardiovascular disease, cancer, and autoimmune disorders. 

Administration of this recombinant BAAV virion to the cell can be accomplished by 
any means, including simply contacting the particle, optionally contained in a desired liquid 

15 such as tissue culture medium, or a buffered saline solution, with the cells. The virion can 
be allowed to remain in contact with the cells for any desired length of time, and typically 
the virion is administered and allowed to remain indefinitely. For such in vitro methods, the 
virion can be administered to the cell by standard viral transduction methods, as known in 
the art and as exemplified herein. Titers of virus to administer can vary, particularly 

20 depending upon the cell type, but will be typical of that used for AAV transduction in 
general which is well known in the art. Additionally the titers used to transduce the 
particular cells in the present examples can be utilized. 

The cells that can be transduced by the present recombinant BAAV virion can 
include any desired cell, such as the following cells and cells derived from the following 

25 tissues, human as well as other mammalian tissues, such as primate, horse, sheep, goat, pig, 
dog, rat, and mouse and avian species: Adipocytes, Adenocyte, Adrenal cortex, Amnion, 
Aorta, Ascites, Astrocyte, Bladder, Bone, Bone marrow, Brain, Breast, Bronchus, Cardiac 
muscle, Cecum, Cervix, Chorion, Cochlear, Colon, Conjunctiva, Connective tissue, Cornea, 
Dermis, Duodenum, Embryonic stem cells, Endometrium, Endothelium, Endothelial cells, 

30 Epithelial tissue, Epithelial cells, Epidermis, Esophagus, Eye, Fascia, Fibroblasts, Foreskin, 
Gastric, Glial cells, Glioblast, Gonad, Hepatic cells, Histocyte, Hair cells in the inner ear, 
auditory (organ of Corti) sensory epithelia, vestibular sensory epithelia, Ileum, Intestine, 
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small Intestine, Jejunum, Keratinocytes, Kidney, Larynx, Leukocytes, Lipocyte, Liver, 
Lung, Lymph node, Lymphoblast, Lymphocytes, Macrophages, Mammary alveolar nodule, 
Mammary gland, Mastocyte, Maxilla, Melanocytes, Mesenchymal, Monocytes, Mouth, 
Myelin, Myoblasts Nervous tissue, Neuroblast, Neurons, Neuroglia, Osteoblasts, 
5 Osteogenic cells, Ovary, Palate, Pancreas, Papilloma, Peritoneum, Pituicytes, Pharynx, 
Placenta, Plasma cells, Pleura, Prostate, Rectum, Salivary gland, Skeletal muscle, Skin, 
Smooth muscle, Somatic, Spleen, Squamous, Stem cells, Stomach, Submandibular gland, 
Submaxillary gland, Synoviocytes, Testis, Thymus, Thyroid, Trabeculae, Trachea, 
Turbinate, Umbilical cord, Ureter, Uterus, and vestibular hair cells. 

10 The cell of the provided methods can be an inner ear epithelial cell. Thus, the cell of 

the provided method can be an inner ear hair cell. The cell of the provided methods can be 
an inner or outer hair cell of the organ of Corti or a vestibular hair cell. The cell of the 
provided methods can be an inner ear supporting cell such as Hensen's, phalangal, 
interdental, or vestibular supporting cells. 

15 The cell of the provided method can be an airway epithelial cell. The cell of the 

provided method can be a columnar, goblet or basal cell. 

The cell of the provided method can be a cell of the submandibular gland. The cell 
of the provided method can be a ductal or acinar cell. 

Provided are recombinant vectors based on BAAV. Such vectors may be useful for 

20 transducing erythroid progenitor cells or cells resistant to transduction by other serotypes of 
AAV. These vectors may also be useful for transducing cells with a nucleic acid of interest 
in order to produce cell lines that could be used to screen for agents that interact with the 
gene product of the nucleic acid of interest. In addition to transduction of other cell types, 
transduction of erythroid cells would be useful for the treatment of cancer and genetic 

25 diseases which can be corrected by bone marrow transplants using matched donors. Some 
examples of this type of treatment include, btrrare not limited to, the introduction of a 
therapeutic gene such as genes encoding interferons, interleukins, tumor necrosis factors, 
adenosine deaminase, cellular growth factors such as lymphokines, blood coagulation 
factors such as factor VIII and IX, cholesterol metabolism uptake and transport protein such 

30 as EpoE and LDL receptor, and antisense sequences to inhibit viral replication of, for 
example, hepatitis or HIV. 
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Provided is a vector, comprising the BAAV virus as well as BAAV viral particles. 
While BAAV is similar to AAV1-8, the viruses are found herein to be physically and 
genetically distinct. These differences endow BAAV with some unique advantages, which 
better suit it as a vector for gene therapy. 

Furthermore, as shown herein, BAAV capsid protein is distinct from AAV 1-8 and 
AAAV capsid protein and exhibits different tissue tropism. AAV 1-8 and BAAV likely 
utilize distinct cellular receptors. AAV 1-8 and BAAV are serologically distinct and 
humans are not reported to have neutralizing antibodies to BAAV, thus in a gene therapy or 
gene transfer application, BAAV would allow for transduction of a patient who already 
possess neutralizing antibodies to AAV 1-8 either as a result of natural immunological 
defense or from prior exposure to AAV 1-8 vectors. 

VECTOR SYSTEM 

Provided herein is a vector system for producing infectious virus particles having a 
characteristic of BAAV. As used herein, a "vector system" is a combination of one or more 
vectors that, when added to an appropriate cell system, can produce a recombinant BAAV 
virion, as provided herein. 

The provided vector system can comprise: at least one vector comprising a nucleic 
acid selected from the group consisting of a pair of BAAV ITRs, a nucleic acid encoding a 
BAAV capsid protein, and a nucleic acid encoding a BAAV Rep protein. 

The vector system can comprise one or more unique vectors. Thus, the vector 
system can comprise, for example, 1, 2, 3, 4, 5, or 6 unique vectors. 

In a two-vector vector system, the first vector can comprise a nucleic acid encoding 
a BAAV Rep protein and the second vector can comprise a pair of BAAV ITRs. 
Alternatively, the first vector can comprise a nucleic acid encoding a BAAV capsid protein 
ana a nucleic acid encoding a BAAV Rep protein and the second vector can comprise a pair 
of BAAV ITRs. 

In another two-vector vector system, the first vector can comprise a nucleic acid 
encoding a BAAV capsid protein and the second vector can comprise a pair of AAV ITRs. 
The AAV ITRs of the second vector can be a pair of AAV1 ITRs. The AAV inverted 
terminal repeats can be a pair of AAV2 ITRs. The AAV ITRs can be a pair of AAV3 ITRs. 
The AAV ITRs can be a pair of AAV4 ITRs. The AAV ITRs can be a pair of AAV5 ITRs. 
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The AAV ITRs can be a pair of AAV6 ITRs. The AAV ITRs can be a pair of AAV7 ITRs. 
The AAV ITRs can be a pair of AAV8 ITRs. The AAV ITRs can be a pair of AAAV ITRs. 
The AAV ITRs can be a pair of B AAV ITRs. 

The first vector can further comprise a nucleic acid encoding an AAV Rep protein. 
The AAV Rep protein can be AAV1 Rep protein. The AAV Rep protein can be AAV2 Rep 
protein. The AAV Rep protein can be AAV3 Rep protein. The AAV Rep protein can be 
AAV4 Rep protein. The AAV Rep protein can be AAV5 Rep protein. The AAV Rep 
protein can be AAV6 Rep protein. The AAV Rep protein can be AAV7 Rep protein. The 
AAV Rep protein can be AAV8 Rep protein. The AAV Rep protein can be AAAV Rep 
protein. The AAV Rep protein can be BAAV Rep protein. The Rep proteins can be encoded 
by the nucleic acid sequence SEQ ID NOS:XX. 

In another two-vector system, the first vector can comprise a nucleic acid encoding 
an AAV capsid protein and the second vector can comprise a pair of BAAV ITRs. The 
capsid protein can be an AAV1 capsid protein. The capsid protein can be an AAV2 capsid 
protein. The capsid protein can be an AAV3 capsid protein. The capsid protein can be an 
AAV4 capsid protein. The capsid protein can be an AAV5 capsid protein. The capsid 
protein can be an AAV6 capsid protein. The capsid protein can be a AAAV Rep protein. 
The capsid protein can be a BAAV Rep protein. 

The second vector can further comprise a promoter between the ITRs. The promoter 
can be AAV2 p5 promoter. The promoter can be AAV5 p5 promoter. The promoter can be 
BAAV p5 promoter. More specifically, the BAAV p5 promoter can be in about the same 
location in SEQ ED NO: 1 as the AAV2 p5 promoter, in the corresponding AAV2 published 
sequence. Additionally, the p5 promoter may be enhanced by nucleotides 1-173 of SEQ ID 
NO:l. Furthermore, smaller fragments of p5 promoter that retain promoter activity can 
readily be determined by standard procedures including, for example, constructing a series 
of deletions in the p5 promoter, among tne aeietion to a reporter gene, and determining 
whether the reporter gene is expressed, i.e., transcribed and/or translated. The promoter can 
be the BAAV pi 9 promoter (SEQ ID NO: 16). The promoter can be the BAAV p40 
promoter (SEQ ID NO: 17). The promoter can be a promoter of any of the AAV serotypes. 
The promoter can be a constitutive promoter. Thus, the promoter can be CMV. The 
promoter can be RSV. The promoter can be LTR. The promoter can be eFl. The promoter 
can be beta actin promoter. The promoter can be a tissue specific promoter. The promoter 
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can be an inducible promoter. The promoter can further be functionally linked to an 
exogenous nucleic acid. 

Further provided is any of the disclosed vectors of the vector systems encapsidated 
into an AAV particle. The AAV particle can be an AAV1 virus particle comprising at least 
one AAV1 capsid protein. The AAV particle can be an AAV2 virus particle comprising at 
least one AAV2 capsid protein. The AAV particle can be an AAV3 virus particle 
comprising at least one AAV3 capsid protein. The AAV particle can be an AAV4 virus 
particle comprising at least one AAV4 capsid protein. The AAV particle can be an AAV5 
virus particle comprising at least one AAV5 capsid protein. The AAV particle can be an 
AAV6 virus particle comprising at least one AAV6 capsid protein. The AAV particle can be 
an AAV7 virus particle comprising at least one AAV7 capsid protein. The AAV particle can 
be an AAV8 virus particle comprising at least one AAV8 capsid protein. The AAV particle 
can be an AAAV virus particle comprising at least one AAAV capsid protein. The AAV 
particle can be a BAAV virus particle comprising at least one BAAV capsid protein. The 
AAV particle can be a chimeric capsid virus particle (described above) comprising a capsid 
protein from more than one serotype of AAV. 

AAV TRANSCYTOSIS 

Disclosed is a method of delivering an exogenous nucleic acid across an epithelial 
barrier, comprising delivering to the epithelial barrier an AAV vector, comprising the 
exogenous nucleic acid. In one aspect of the method, the AAV is AAV4, AAV5, or BAAV. 
In another aspect of the method, the epithelial cells are in the gut, lung, genitourinary tract, 
kidney, blood vessels or brain. In another aspect of the method, the epithelial cells can be 
selected from a group consisting of bronchial, alveolar, tracheal or upper airway epithelial 
cells; absorptive enterocytes or M cells; endometrial or urinary epithelial cells; renal 
collecting duct or proximal tubule epithelial cells; cerebral microvascular endothelial cells 
or Choroidal Plexus epithelial cells. 

Further disclosed is a method of transcytosing epithelial cells of a human subject, 
comprising administering to the subject an AAV vector comprising an exogenous nucleic 
acid. In one aspect of the method, the vector is AAV4, AAV5, or BAAV. In another aspect 
of the method, the epithelial cells are selected from a group consisting of bronchial, 
alveolar, tracheal or upper airway epithelial cells; absorptive enterocytes or M cells; 
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endometrial or urinary epithelial cells; renal collecting duct or proximal tubule epithelial 
cells; cerebral microvascular endothelial cells or Choroidal Plexus epithelial cells. 

Further contemplated are methods for the delivery of molecules across epithelial cell 
barriers comprising coupling the molecules to non-recombinant (wild-type) AAV capsids or 
particles. In one aspect, the molecules are radioligands or enzymes. 

The term "adeno-associated virus (AAV)" is used herein to refer to a genus of 
viruses in the family Parvoviridae which are all defective viruses (unable to replicate by 
themselves) and depend on the co-infection of their host cell by other, nondefective viruses 
to help them replicate. 

The term "transcytosis" is used herein to mean the transport of macromolecular 
cargo from one side of a cell to the other within a membrane-bounded carrier(s). Tuma and 
Hubbard provided a review of transcytosis (Tuma PL and Hubbard AL. 2003. Physiol Rev. 
83:871-932), herein incorporated by reference for its teaching regarding the nature and uses 
for trancytosis. Transcytosis is a strategy used by multicellular organisms to selectively 
move material between two different environments while maintaining the distinct 
compositions of those environments. N. Simionescu was the first to coin the term 
transcytosis to describe the vectorial transfer of macromolecular cargo within the 
plasmalemmal vesicles from the circulation across capillary endothelial cells to the 
interstitium of tissues. During this same period, another type of transcytosis was being 
discovered. Immunologists comparing the different types of immunoglobulins found in 
various secretions (e.g., serum, milk, saliva, and the intestinal lumen) speculated that the 
form of IgA found in external secretions (called secretory IgA, due to the presence of an 
additional protein component) was selectively transported across the epithelial cell barrier. 
More is known about transcytosis as it is expressed in epithelial tissues, which form cellular 
barriers between two environments. In this polarized cell type, net movement of material 
can be in either direction, apical to basoiaierai or Che reverse, depending on the cargo and 
particular cellular context of the process. However, transcytosis is not restricted to only 
epithelial cells. 

Since the 19th century dye experiments of Ehrlich, the brain has been known as a 
"privileged" organ where access is tightly regulated so that the environment remains 
chemically stable. The two principal gatekeepers of the brain are the cerebral capillary 
endothelium and the cuboidal epithelial cells of the choroid plexus. These cellular barriers 

56 



WO 2005/056807 



PCT/US2004/040825 



are specialized for the passage of different nutrients from the blood. The capillaries move 
nutrients that are required rapidly and in large quantities, such as glucose and amino acids. 
These small molecules are transported by membrane carriers using facilitated diffusion. The 
choroid plexus supplies nutrients that are required less acutely and in lower quantities. 
These are folate and other vitamins, ascorbate, and deoxyribonucleotides. 

There are two epithelial cells that participate in transcytosis in the intestine, M cells 
and enterocytes (adsorptive columnar cells). These cells are very different from one another 
and the capillary endothelial cell. Depending on the species, M cells comprise a variable but 
small percentage of the epithelia overlying organized mucosal-associated lymphoid tissue, 
making them a very minor cell population in the gastrointestinal tract. The transcytotic 
route across M cells is thought to be part of the mechanism by which antigens are routinely 
sampled along the entire mucosal surface. Not surprisingly, numerous pathogens have 
evolved mechanisms to exploit the transcytotic process as a means to invade and 
disseminate before a strong enough immune response can be mounted. 

Absorptive enterocytes are simple columnar cells with several apical features in 
addition to their brush borders. Clathrin-coated pits are present at the base of microvilli, and 
a thick glycocalyx composed of integral membrane proteins with glycosaminoglycan side 
chains emanates from the microvillar membrane. This latter structural feature as well as the 
rigidity of the microvilli are thought to prohibit microorganisms from attaching and 
invading enterocytes. The intracellular organization of these columnar epithelial cells is also 
polarized, with basally located nuclei, supranuclear Golgi, and an abundance of 
pleomorphic membrane compartments underlying the terminal web of the brush border. 
The basolateral-to-apical length of this cell is -20 versus 0.2 /xm for a capillary endothelial 
cell, making the transcytotic route across enterocytes potentially much longer. Furthermore, 
microtubules are an important structural element of the transcytotic pathway in enterocytes, 
but not in M or endothelial cells. 

Transcytosis also occurs in the upper regions of the respiratory tract and has been 
demonstrated with two vector systems, plgA-R and FcRn, but others could exist. Secretory 
IgA is a known constituent of the lung's immune defense system, with bronchial epithelial 
cells carrying out basolateral-to-apical transport of dlgA, which is secreted by local plasma 
cells in underlying lymphoid tissue. Albumin, which is found in lung fluid, is endocytosed 
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specifically at the apical surface of airway epithelia but is then subsequently degraded. At 
the alveolar level, the question of whether albumin is transcytosed intact is uncertain. 

The term "epithelia" is used herein to refer to cells which are linked tightly together 
by intercellular junctions to form a planar sheet. These sheets of cells form a barrier 
between two compartments. Epithelia therefore line all surfaces and cavities (including skin, 
peritoneum, linings of the intestine, airways, genitourinary tracts, glands, and blood vessels. 

An epithelium has a free or apical surface facing the environment, or lumen of a 
cavity, and a basal surface facing the underlying connective tissue. The boundary between 
the basal surface of an epithelium and the underlying connective tissue is usually very 
sharp, and is the site where the basal lamina (BL) is present. Most BL are too thin to be seen 
with the light microscope. However, the BL, together with a thin layer of connective tissue, 
is often times seen at the epithelial/connective tissue interface. This composite layer, visible 
with the light microscope, was initially called the Basement Membrane. Application of the 
electron microscope revealed that, in most cases, this Basement Membrane actually 
consisted of the true basal lamina (lamina lucida plus lamina densa), along with a layer of 
adherent connective tissue. 

For convenience of description, epithelia are classified into different types based on 
the number of cell layers and the cell shape. 

Epithelia which are 1 cell layer thick are called "simple" epithelia. Thus, each cell 
rests on the basal lamina, but also has a surface facing the lumen/outside world. Epithelia 
which are 2 or more cell layers thick are called "stratified" epithelia. In stratified epithelia, 
the basal layer of cells rests on the basal lamina, but subsequent layers do not, and are 
simply stacked on top of the basal layer. The cells of the most superficial layer have a free 
surface, "squamous" cells are very flat, like a fried egg, where the yolk is the nucleus. The 
nucleus is distinctly flattened, the cell is often so thin that this flattened nucleus bulges the 
cell surface outward, "cuboidal" cells range fronrcrue cuboidal where the cell is about as 
high as it is wide, to a flattened cuboidal where the cell is wider than high. In cuboidal cells 
the nucleus is usually round, and not flattened as in squamous, "columnar" cells are 2 or 
more times as high as wide. Nucleus is usually elongated in the long axis of the cell. 

Squamous cells form the lining of cavities such as the mouth, blood vessels, heart 

and lungs and make up the outer layers of the skin. Cuboidal epithelium is found in glands 

and in the lining of the kidney tubules as well as in the ducts of the glands. They also 
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constitute the germinal epithelium which produces the egg cells in the female ovary and the 
sperm cells in the male testes. Columnar epithelium forms the lining of the stomach and 
intestines. Some columnar cells are specialized for sensory reception such as in the nose, 
ears and the taste buds of the tongue. 

Ciliated columnar epithelial cells posses fine hair-like outgrowths, cilia on their free 
surfaces. These cilia are capable of rapid, rhythmic, wavelike beatings in a certain direction. 
Ciliated epithelium is usually found in the air passages like the nose. It is also found in the 
uterus and Fallopian tubes of females. 

Columnar epithelium with goblet cells is called glandular epithelium. Some parts of 
the glandular epithelium consist of such a large number of goblet cells that there are only a 
few normal epithelial cells left. Columnar and cuboidal epithelial cells often become 
specialized as gland cells which are capable of synthesizing and secreting certain substances 
such as enzymes, hormones, milk, mucus, sweat, wax and saliva. Unicellular glands consist 
of single, isolated glandular cells such as the goblet cells. Sometimes a portion of the 
epithelial tissue becomes invaginated and a multicellular gland is formed. Multicellular 
glands are composed of clusters of cells. Most glands are multicellular including the 
salivary glands. 

Where body linings have to withstand wear and tear, the epithelia are composed of 
several layers of cells and are then called compound or stratified epithelium. The top cells 
are flat and scaly and it may or may not be keratinized (i.e. containing a tough, resistant 
protein called keratin). The mammalian skin is an example of dry, keratinized, stratified 
epithelium. The lining of the mouth cavity is an example of an unkeratinized, stratified 
epithelium. 

The use of in vitro cell models to study transcytosis has many advantages over in 
vivo systems. First, variation among animals is eliminated, as is the confounding issue of 
cargo possfbTy being modified or endocyrose* by cell types otherthan the one under study. 
Moreover, in vitro systems can be manipulated in ways not possible in vivo, allowing 
investigators to measure the effects of different variables (e.g., temperatures, 
pharmacological agents, etc.) with greater precision and to explore the molecular 
mechanisms of transcytosis. 

The integrity of the monolayer is obviously vital to every study of transcytosis, and 
there are different methods for assessing it. Transepithelial electrical resistance (TER) 
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measurements are commonly used as an indication of tight junction integrity in a 
monolayer, and commercial instruments are available for these measurements. 

Caco-2 cells, human primary colon carcinoma cells, are a well studied model of 
intestinal absorptive enterocytes. They are the most commonly used intestinal cell line 
because they differentiate furthest along the cryptto-villus axis and are the easiest to 
transfect. Caco-2 cells have been especially used to model transcytosis of bacteria, which 
can cross barrier epithelia in the gut and brain (Zhang JR, et al., 2000. Cell 102(6):827-37), 
incorporated herein by reference. 

There is little evidence for in vivo transcytosis of macromolecular cargo in kidney. 
Nonetheless, MDCK cells, which are derived from dog kidney, are the most-studied 
epithelial cell model and have been used extensively to study transcytosis. These cells were 
originally developed by nephrologists for permeability and electrical studies. Their 
subsequent use by cell biologists for studies of the formation of tight junctions, 
establishment of polarity, and vesicle traffic have popularized MDCK cells. An advantage is 
that MDCK cells are easily cultured, easily transfected, and become polarized 3-5 days 
after seeding. They were used in the now classical studies showing that enveloped viruses 
bud in a polarized fashion and that the newly synthesized viral membrane glycoproteins are 
targeted directly from the TGN to the appropriate PM domain. Furthermore, much of the 
current understanding of the IgA transcytotic pathway and the sorting signals in the plgA-R 
comes from the elegant studies performed in MDCK cells. Two MDCK strains with very 
different features were identified some time ago. The MDCK I cell has a high TER and 
characteristics reminiscent of the renal collecting duct, whereas the more commonly used 
MDCK II strain, whose TER is one order of magnitude lower than that of MDCK I cells, 
has phenotypic features closer to those of the renal proximal tubule. 

Both primary cells and cell lines, alone and in coculture with endothelial cells, are 
being used to study transcytdMs urfficixiug. STuuctics bronchral/tracheal epithelial cell 
systems contain normal human bronchial/treacheal epithelial cells. This cell system has 
been used for experimental applications in cancer research, respiratory disease, cellular 
function and differentiation. 

The Clonetics® bovine Brain Microvascular Endothelial Cell System (bMVEC-B) is 
a model of the "Blood Brain Barrier". The system is designed to significantly improve a 
researcher's ability to study active and passive transport of drugs across the blood brain 
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barrier, to study brain endothelial cell tight junctions, and to study the basic biology of brain 
microvascular endothelial cells (Schinket AH ,1999. Advanced Drug Delivery Reviews 
36:179-194; Tsukita S. et al., 1998. Molecular dissection of tight junctions:occluding and 
ZO-1 in Introduction to the Blood -Brain Barrier. Edited by William M Partridge; Inglis et 
al., 2004. Brain Research 998: 218-229), each of which is incorporated by reference for its 
teaching of in vitro endothelial cell modeling of the blood-brain barrier. 

Endometrial cells form an important barrier layer in the genitourinary tract. The 
cells used to model this system were developed by Kyo et al. and are derived from primary 
cells immortalized by the addition of the papillomiavirus E6/E7 genes and human 
telomerase reverse transcriptase. The isolated cells have a normal chromosomes and retain 
their responsiveness to sex-steriod hormones, exhibit glandular structure on three 
dimensional culture , and lack a transformed phenotype (Kyo S, et al. Am J Pathol., 2003. 
163(6):2259-69), incorporated herein by reference for its teaching of this endometrial 
model. 

The provided BAAV particles and virions combine the known advantages of AAVs 
as vectors with distinct tropisms unique to BAAV viral particles. A further advantage of the 
provided compositions and methods is the ability of BAAV virions to deliver nucleic acids 
across epithelial barriers. Thus, the compositions and methods provided herein can be used 
to deliver nucleic acids to cells or cells in a subject. The provided compositions and 
methods can be used for the therapeutic delivery of nucleic acids to cells in a subject for the 
treatment of disease. The provided compositions and methods can further be used in 
scientific, medical or veterinary research. For example, a provided vector system can be 
used to deliver an exogenous nucleic acid to a cell to evaluate its interaction with other 
molecules in the cell. The provided vector systems can, for example, be used to study signal 
transduction, metabolic pathways, apoptosis, or cell cycle/growth in cells wherein the vector 
system is used to deliver nucleic acids to either overexpress or inhibit, e.g. by siRNAs, 
components of these pathways. The provided compositions and methods can further be used 
in vaccine production in avian or insect cultures. The provided compositions and methods 
can further be used in the preparation of a medicament for the delivery of a nucleic acid to a 
cell or cell in a subject. 

The use of AAVs to deliver genes to the lung by transcytosis would be of benefit in 
genetic diseases like cystic fibrosis, pseudohypoaldosteronism, and immotile cilia 
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syndrome. Furthermore, delivering genes to the lung would be of impact in several non- 
genetic diseases. For example, delivering genes that make antibiotic like peptides to the 
cells underlying the epithelia would be useful to prevent or treat bronchitis; delivering genes 
that make growth factors would be of value in common diseases like chronic bronchitis. 
Also, AAVs could be used to deliver genes that may play a role in asthma, like EL- 10, or 
antibodies to IgE and interleukins. The use of an AAV vector to deliver genes through the 
alveolar epithelia would be of benefit in genetic diseases like alpha- 1 -antitrypsin deficiency. 
Furthermore, delivering genes through the alveolar epithelia would be of significance in 
several pulmonary non-genetic diseases. For example, delivering genes that make antibiotic 
like peptides would be useful to prevent or treat pneumonia (perhaps of antibiotic-resistant 
organisms); delivering genes that make growth factors would be of value in emphysema; 
delivering genes that over-express the epithelial sodium channel or the Na-K ATPase could 
be used to treat cardiogenic and non-cardiogenic pulmonary edema; delivering genes that 
have an anti-fibrosis effect like interferon for pulmonary fibrosis would also be useful. 
Also, AAVs could be used to deliver genes that may have a systemic effect like anti- 
hypertension drugs, insulin, coagulation factors, antibiotics, growth factors, hormones and 
others. 

The use of AAVs to deliver genes to the central nervous system (CNS)/ brain by 
transcytosis would be of benefit in neurological diseases, including Alzheimer's Disease, 
Parkinson's Disease, Huntington's Disease, Tourette Syndrome, schizophrenia, mania, 
dementia, paranoia, obsessive compulsive disorder, panic disorder, learning disabilities, 
ALS, triplet expansions diseases, psychoses, autism, lysosomal storage diseases, Gaucher's 
disease, Hurler's disease, Krabbe's disease, battens disease, and altered behaviors (e.g., 
disorders in feeding, sleep patterns, balance, and perception). 

The use of AAVs to deliver genes to the gastrointestinal system/ gut by transcytosis 
would be of benefit in treatment of diseases aiidforGastrointestinal Disorders such as colon 
cancers, inflammatory bowel disease, diabetes, or Crohn's disease. 

The use of AAVs to deliver genes to the genitourinary system by transcytosis would 
be of benefit in treatment of diseases of the female reproductive tract, molecular defects in 
implantation disorders, and gynecological cancers. These methods would also have 
contraceptive applications. 
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The use of AAVs to deliver genes to the kidney by transcytosis would be of benefit 
in treatment of inherited renal disorders such as polycystic kidney disease, Alport's 
syndrome, hereditary nephritis, primary hyperoxaluria, and cystinuria. 

The use of AAVs for wide-spread delivery of genes across blood vessels into the 
muscle would be of benefit in neuromuscular diseases like muscular dystrophy and 
Cardiovascular Disorders such as heart disease, restenosis, atherosclerosis, myocarditis, 
stoke, angina, or thrombosis. 

The use of AAVs for wide-spread delivery of genes across blood vessels into any/all 
tissues of a subject would be of benefit in the treatment of certain cancers (e.g., gastric, 
ovarian, lung, bladder, liver, and breast). 

The use of AAVs for wide-spread delivery of genes across blood vessels into any/all 
tissues of a subject would be of benefit in the treatment of certain inflammatory disorders, 
including, but not limited to, adrenalitis, alveolitis, angiocholecystitis, appendicitis, 
balanitis, blepharitis, bronchitis, bursitis, carditis, cellulitis, cervicitis, cholecystitis, 
chorditis, cochlitis, colitis, conjunctivitis, cystitis, dermatitis, diverticulitis, encephalitis, 
endocarditis, esophagitis, eustachitis, fibrositis, folliculitis, gastritis, gastroenteritis, 
gingivitis, glossitis, hepatosplenitis, keratitis, labyrinthitis, laryngitis, lymphangitis, mastitis, 
media otitis, meningitis, metritis, mucitis, myocarditis, myosititis, myringitis, nephritis, 
neuritis, orchitis, osteochondritis, otitis, pericarditis, peritendonitis, peritonitis, pharyngitis, 
phlebitis, poliomyelitis, prostatitis, pulpitis, retinitis, rhinitis, salpingitis, scleritis, 
sclerochoroiditis, scrotitis, sinusitis, spondylitis, steatitis, stomatitis, synovitis, syringitis, 
tendonitis, tonsillitis, urethritis, and vaginitis; and disorders that are characterized by 
inflammation such as hepatitis, rheumatoid arthritis, gout, trauma, pancreatitis, sarcoidosis, 
dermatitis, renal ischemia-reperfusion injury, Grave's disease, systemic lupus 
erythematosus, diabetes mellitus, and allogenic transplant rejection. 

The use of AAVs for wide-spread delivery of genes across blood vessels into any/all 
tissues of a subject would be of benefit in the treatment of other diseases, syndromes and 
conditions, such as adenosine deaminase deficiency, sickle cell deficiency, thalassemia, 
hemophilia, diabetes, phenylketonuria, growth disorders, and defects of the immune system. 
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The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations therein 
will be apparent to those skilled in the art. 

Example 1: 

Isolation, Subcloning, Sequencing and Characterization of BAAV 

To understand the nature of BAAV virus and to determine its usefulness as a vector 
for gene transfer, it was cloned and sequenced. 

Cell culture and virus propagation 

293T and COS cells were maintained in DMEM, supplemented with 10% FBS, 
2mM L-glutamine, lOOU/ml penicillin, and O.lmg/ml streptomycin. Cancer cell lines 
indicated in Fig. 1 were cultured in RPMI medium supplemented with 5% FBS, 2mM L- 
glutamine, lOOU/ml penicillin, and O.lmg/ml streptomycin. MDBK cells were propagated 
in DMEM supplemented with 5% horse serum, 2mM L-glutamine, lOOU/ml penicillin, and 
O.lmg/ml streptomycin. Cells were maintained at 37°C in a 5% C02 humidified 
atmosphere. 

Bovine Adenovirus Type 1 (ATCC VR-313) and Bovine Adenovirus Type 2 (ATCC 
VR-313) obtained from ATCC are reported by ATCC to be contaminated with AAV. For 
virus propagation, MDBK cells were infected with ATCC VR-313 or ATCC VR-314 and 
cultured for 5 days. At this time, first signs of an adenovirus induced cytopathic effect was 
observed. 

Viral DNA isolation, cloning and sequencing 

Viral DNA was isolated from the Bovine Adenovirus Type 1 (ATCC VR-313) and 
Bovine Adenovirus Type 2 (ATCC VR-3L3) infected MDBK cells using the High Pure 
Viral Nucleic Acid Kit (Roche). These DNA samples were assayed for AAV contamination 
by PCR using the GC Rich PCR Kit (Roche), as described in Katano H, et al. 
Biotechniques. 2004 Apr;36(4):676-80, herein incorporated by reference for its teaching of 
these methods. Briefly, this method detects the presence of AAV DNA by PCR using 
degenerative PCR primers, which were shown to amplify a fragment containing sequences 
of the rep and vp ORF of all known AAV serotypes. PCR using DNA isolated from ATCC 
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VR-313 and ATCC VR-314 as template resulted in the generation of a 1.4kb amplification 
product, which was subsequently cloned using the TOPO TA Cloning KIT (Invitrogen) and 
sequenced with an ABI Prism 3100 Genetic Analyzer (ABI) and FS dye-terminator 
chemistry (ABI). The obtained sequences showed homology to AAV5 rep ORF and AAV4 
cap ORF but were not identical to any known AAV. This result demonstrated that ATCC 
VR-313 and ATCC VR-3 14 contained contaminations of an unknown AAV serotype, 
termed subsequently bovine adeno-associated virus (BAAV). The obtained sequence of 
BAAV was used to generate PCR primers that bind in the BAAV rep ORF in (-) orientation 
and in the vp ORF in (+) orientation. PCR using these primers and extrachromosomal DNA 
of ATCC VR-313 infected MDBK cells (isolated using the Qiagen Mini Prep Kit) resulted 
in amplification of a BAAV fragment spanning from the vp ORF through the ITR to the rep 
ORF. The PCR amplification products were subsequently cloned using the TA Cloning KIT 
(Invitrogen) and sequenced with an ABI Prism 3100 Genetic Analyzer (ABI) and FS dye- 
terminator chemistry (ABI). ITRs of 2 clones were sequenced by isothermal non-cycling 
sequencing chemistry using radiolabeled dCTP (Epicentre). For the generation of 
recombinant particles, a BAAV packaging plasmid was constructed by PCR amplifying a 
BAAV fragment containing the complete ORF of rep and vp using DNA isolated from 
ATCC VR-313 and ATCC VR-3 14 samples as template and inserting this fragment into an 
expression plasmid under the control of a MMTV promoter resulting in the plasmid 
pMMTV-BAAV#l-200. 10 clones were sequenced. The plasmids were assayed for the 
ability to generate recombinant BAAV particles by transfecting 293 T cells with an AAV5- 
NLS-GFP vector plasmid, pMMTV-BAAV and p449b helper plasmid. 2 days after 
transfection, cells were lysed by 3 freeze thaw cycles. Cleared lysate was used to infect Cos 
cells. 2 days after infection, cells were assayed for GFP expression by fluorescent 
microscopy. pMMTV^BAAV#47 generated highest titers of recombinant BAAV but 
diverged from the BAAV consensus sequence by I nucleotide change. The sequence of 
pMMTV-BAAV#47 was changed to the consensus sequence using the Quik Change Kit 
(Clontech) and named pMMTV-BAAV. 

Sequence analysis 

DNA and protein sequence alignments were performed using the Clustal W multiple 
sequence alignment tool of the Biology Workbench web based software (SDSC), 
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Mac Vector 7 (Oxford Molecular). Promoters, transcription initiation and splice sites were 
predicted using the Neural Network Promoter Prediction web paged software (BDGP). The 
genome of BAAV is 4,694 nucleotides in length and has similar organization with that of 
other AAVs (Fig.lA). The entire genome of BAAV displays 54-79% identity at the 
nucleotide level with the other known AAVs. Highest homology was observed with AAV5 
(79%), lowest homology to BAAV showed AAAV with 54% (Fig. IB). The BAAV genome 
has inverted terminal repeats of 150 nucleotides with are forming the characteristic T- 
shaped palindromic structure. The putative Rep-binding element (RBE) consists of a 
tandem (GAGY) 4 repeat, and the putative terminal resolution site (trs), AGTGTGG (Fig.2). 
The BAAV ITR is greater than 95% identical to AAV5 and contains a trs that is identical to 
AAV5 as well as a conserved RRE. The Rep ORF of BAAV displays 48-89 % identity at 
the amino acid level with the other AAVs, with most of the diversity clustered at the amino 
termini. A surprisingly high homology of 89 % was found with AAV5 (Fig.3A and 3C). 
Comparison of the capsid proteins of BAAV and the primate dependoviruses revealed 55- 
76 % identity with other known AAVs (Fig.3B and 3D). AAV4 showed the highest 
homology to BAAV with 76% while AAAV was most divergent with 55% identity to 
BAAV Vpl. Divergent regions in the capsid ORF are clustered in surface exposed loops. 

Generation of recombinant virus 

The high homology between the BAAV and AAV5 ITR and Rep amino acid 
sequence led to the assumption that BAAV can replicate and package AAV5 ITR 
containing vectors. This assumption was confirmed in initial experiments; AAVS ITR 
containing vector plasmids containing a lacZ expression cassette were replicated and 
packaged with AAVS or BAAV packaging plasmids with equal efficiency. Therefore, 
AAVS ITR containing vector plasmids were used for all subsequent studies to produce 
recombinant BAAV. 

Recombinant BAAV was generated by transfecting 293 T cells with AAVS vector, 

BAAV packaging and Ad helper plasmids. 3 confluent T175 flasks of 293T cells were 

harvested, resuspended in 100ml DMEM 10%FCS, seeded in 10 150mm plates and 

incubated at 37 °C, 5% C0 2 until cells are 80% confluent (typically 48h). Cells were 

transfected with 15ng pAAV5-NLS-GFP or pAAV5-RnlacZ, 15*ig pMMTV-BAAV and 

30fig p449B. 48h after transfection, cells were harvested, washed with PBS and 
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resuspended in 1 1ml TD buffer (0.14 M NaCl, 5.0 mM KC1, 0.7 mM K 2 HP0 4 , 25.0 mM 
Tris, pH7.4. Cells were lysed by 3 freeze thaw cycles and incubated for 30 minutes at 37°C 
after adding benzonase to a final concentration of 20 U/ml and sodium deoxycholate ( final 
concentration of 0.5%). After adding 0.55g CsCl/ ml the lysate was fractionated using 
density gradient centrifugation in a SW41 rotor for 48h at 38000 rpm. The gradients were 
harvested in 0.5 ml aliquots. Aliquots were assayed for infectivity and particle titer were 
determined by real time PCR using primers binding in the promoter region of the vectors. 

Determination of tissue tropism 

Transduction efficiency of recombinant BAAV vector containing an expression 
cassette for beta-galactosidase (rB AAV-Rnl acZ) was analyzed in 60 cancer cell lines (NCI 
cancer cell panel). Cells were infected with an MOI of 10 with Ad5 and 2h later with 
rBAAV-RnlacZ in 10 fold serial dilutions ranging from 10 2 to 10 9 particles/well. 48h after 
infection, cells were fixed and stained for {J-galactosidase activity with 5-bromo-4-chloro-3- 
indolyl-p-D-galactopyranoside (X-Gal) (Gold BioTechnology, Inc. St. Louis Mo). 
Transduced cells were visually counted using a light microscope. GFP expressing cells were 
detected using fluorescent microscopy. Results were used to calculate the number of 
transduced cells for 10 9 particles (Fig. 4). rBAAV efficient transduction of a wide variety of 
tumor cells including cells of CNS, colon, prostate, renal, breast and ovarian lineage. It is 
therefore a potent vector for gene transfer in a wide variety of gene therapy applications. 

Due to the high homology between the BAAV and AAV5 ITR as well as Rep 
sequence, it was hypothesized that recombinant BAAV particles carrying a lacZ reporter 
gene or a GFP expression cassette could be produced by co-transfection of AAV5 ITR 
containing vector plasmids with BAAV packaging and an adenovirus helper plasmids in 
293T cells. The recombinant particles have a buoyant density in CsCl gradients of 1.375 
gm/cm J which is similar to AAV4. These recombinant particles have been used to compare 
the transduction efficiency of BAAV with other know AAV isolates and it was found that 
BAAV has a unique transduction profile compared to other isolates and is able to transduce 
a wide variety of tumor cells including cells of CNS, colon, prostate, renal, breast and 
ovarian lineage. 
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To assess the tropism of BAAV in the lung, primary airway epithelia cells were 
cultured and plated as previously described (Zabner, J., et al. J Virol. 2000 Apr;74(8):3852- 
8, herein incorporated by reference for the teaching of these culturing methods) with an 
equivalent number of rAAV5 or rBAAV particles containing CMV nuclear GFP (MOI 10) 
and cultured for over 10 days. GFP expression was determined by flow cytometry (FACS) 
and the relative transduction was compared. Both AAV5 and BAAV efficiently transduced 
these cells (Fig. 15). 

Neutralizing antibody assay 

AAV isolates that are serological distinct can be distinguished by neutralization 
assays and are often referred to as AAV serotypes. BAAV was analyzed to determine if 
elicits a BAAV-specific immune response in mice that did not cross react with other AAV 
serotypes. BALB/c mice were injected with 10 10 particles of B AAV-RnlacZ, AAV2- 
RnlacZ, AAV4-RnlacZ and AAV5-RnlacZ. 4 weeks after infection serum of the infected 
animals was assayed in a neutralizing antibody assay. 

Exponentially growing COS cells (7 x 10 3 ) were plated in a density of 7 x 10 3 / well 
in a flat-bottomed 96-well plate. 24h after seeding, cells were infected with wild-type 
adenovirus with a MOI of 10 for 1 h. Heat inactivated sera of rAAV2, rAAV4, rAAV5 and 
rBAAV infected mice were serial diluted from 1:200 to a 1:12800 in RPMI containing 1% 
fatal calf serum (FCS). 40 transducing units of B AAV-RnlacZ (Fig.5A) or AAV4-RnlacZ 
(Fig.5B) (were added to the diluted sera and incubated for lh at 37°C. Subsequently, the 
virus/sera mixture was added to COS cells. 24h after rAAV infection, cells were assayed for 
beta-galactosidase expression X-Gal staining (Gold BioTechnology, Inc. St. Louis Mo). 
Transduced cells were visually counted using a light microscope. Neutralizing titers of the 
sera ware calculated as the highest dilution that inhibited 50% of transduction. Any serum 
dilution in which more than 70% reduction of positive cells compared with serum-free 
media remained was considered to be positive for neutralizing activity. All samples were 
assayed in duplicate or triplicate. 

rBAAV elicited a unique immune response in mice that efficiently neutralized 
rBAAV, bud did not cross-react with rAAV4. Sera of rAAV2, rAAV4 and rAAV5 infected 
mice did not neutralize rBAAV. These results demonstrate that BAAV is a new AAV 
serotype. 
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Transduction of submandibular glands in vivo 

10 10 particles of AAV24acZ and BAAV-lacZ were injected into submandibular 
glands of BALB/c mice by retrograde ductal instillation as described earlier (Y amano et ah, 
2002). 4 weeks after infection, blood was collected form experimental animals by retro- 
orbital plexus bleed. Submandibular glands were excised, homogenized and lysed in 500 |iL 
of Galact-light lysis solution (100 mM potassium phosphate (pH7.8), 0.2% TritonX-100) 
(Applied biosystems). PMSF and leupeptin were added to a final concentration of 0.2 mM 
and 5 |ig/mL, respectively. The lysate was cleared by centrifugation at 10,000 rpm for 5min. 
Genomic DNA was extracted from a 100-|iL aliquot using the Wizard DNA extraction kit 
(Promega) according to the manufacturer's instructions. DNA concentrations were 
determined by spectrophotometry. Detection and quantification of genome copies of the 
AAV vectors was done by quantitative real time PCR using a TaqMan system (Applied 
Biosystems) with probes specific to the RSV promoter as described earlier ((Yamano et al., 
2002)). Protein concentration of the lysates was determined using the BCA protein assay kit 
(Pierce) and fi-Gal expression was quantified with a 6-Gal ELISA kit (Roche Molecular 
Biochemicals). The fi-Gal levels were normalized for total protein concentration and 
expressed as picograms of fi-Gal per milligram of protein. 

Recombinant BAAV was about ten fold more efficient than rAAV2 in the 
transduction of submandibular glands and expressing a gene of interest, demonstrating the 
feasibility of rBAAV to be used as a vector for gene therapy applications (Fig.6A and 
Fig.6B). 

BAAV - non primate AAV serotype 

Recombinant BAAV has several attributes that make it an attractive vector for gene 
transfer including unique serological identity, cell tropism, and efficient gene transfer in 
vivo. BAAV is the third dependovirus of non-primate origin to be cloned and sequenced. 
The high homology between BAAV and AAV5 rep along with the biochemically distinct 
mechanisms of replication for these two viruses compared to other mammalian AAVs 
suggest that BAAV and AAVS might form a distinct group within the dependovirus 
generation. The capsid of BAAV is most similar to that of AAV4, but the divergent regions 
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are clustered mainly on the exposed surface loops that comprise the 3-fold axis of symmetry 
(amino acids 429-599 of SEQ H> NO:7). This region is critical for AAV2 transduction 
(Kern, Schmidt et al. 2003) (Opie, Warrington et al. 2003) (Schmidt, Katano et al. 2004). 
While differences in the capsid biochemical activity for the different serotypes of AAV are 
primarily responsible for their differences in transduction efficiency, some differences may 
be the result of the ITRs. While AAV2 and AAV4 can be packaged using AAV2 ITRs, 
AAV5 and BAAV rep proteins will not initiate replication of an AAV2 ITR. Therefore, 
these serotypes were both packaged using an AAV 5 ITR. However, AAV5 and BAAV, 
which contain the exact same ITR, but have a significant difference in cell tropism and 
transduction efficiency in the inner ear, suggesting that the capsid interactions are primarily 
responsible for the differences in serotype tropism. 

Example 2: 

BAAV Efficiently Transduces Neuroepithelial Cells in the Inner Ear 

This example describes the tropism and transduction efficiency of a novel bovine 
adenoassociated virus (BAAV) vector in cultured inner ear epithelia and compares its 
infectivity with three, well characterized primate adenoassociated vectors: AAV2, -4, and - 
5. For the first time a cytoskeletal protein was used as a reporter gene for viral infection. 
Beta actin-GFP fusion protein is widely distributed in multiple cell types and when 
transiently expressed, it incorporates into hair cell stereocilia and into the apical junctional 
complex of hair cells and supporting cells. This example demonstrates that a novel bovine 
vector can efficiently transduce supporting and hair cells of cultured inner ear epithelia. 
Furthermore, prolonged incubation time with viral particles increases the yield of 
transduced cells. This novel bovine virus was significantly more effective in transducing 
cells of the inner ear epithelia than other tested AAV serotypes. Moreover, no pathological 
effects were demonstrated. 

Reagents 

Rhodamine/phalloidin and ProLong anti-fade mounting media were from Molecular 
Probes (Eugene, OR). Cell Tak was from BD Biosciences (Palo Alto, CA). DMEM F-12, L- 
15 media, fetal bovine serum and ampicillin were from GIBCO (Carlsbad, CA). 
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Viral vector construction 

The construction of the beta galactosidase and GFP expression plasmids is described 
above. The AAV2 beta actin-GFP fusion expression plasmid was constructed by subcloning 
of the CMV-beta-actin-GFP cassette from beta actin-GFP plasmid (Clontech) into the 
AAV2 RSV-GFP expression plasmid and replacement of the RSV GFP cassette with the 
CMV beta actin-GFP. The AAV5 beta actin-GFP fusion expression plasmid was produced 
in the same manner; however, the CMV beta-actin-GFP cassette was cloned into the AAV5 
RSV-GFP plasmid. 

AAV preparation and quantification 

Recombinant AAV particles were produced by triple transfection of 293 T cells with 
AAV helper plasmids expressing the AAV Rep and Cap genes, a vector plasmid containing 
the reporter gene flanked by either type 2 ITRs (AAV2, AAV4) or AAV5 ITRs (AAV5, 
BAAV), and the Ad helper plasmid pAdl2 (Smith, Afione et al. 2002). Recombinant 
vectors were purified by fractionation with CsCl-gradient centrifiigation. DNAase resistant 
genome copy titers of the vector preparations were determined by quantitative real time 
PCR using the TaqMan system (Applied Biosystems) with probes specific to the RSV 
promoter. Viruses in CsCl were dialyzed for 24 h using 0.5 ml slide- A-Lyzer (Pierce) in 
100 ml of serum free medium with changing of the medium 3-4 times. 

Organotypic cultures of rat and mouse organ of Corti 

Organotypic cultures of rat and mouse organ of Corti and vestibular sensory 
epithelia were prepared according to a published method (Sobkowicz, Loftus et al. 1993, 
which is hereby incorporated by reference for its teaching of the method of making 
organotypic cultures of rat and mouse organ of Corti and vestibular sensory epithelia). 
*Expiams from the developing inner ear harvested from neonates can be maintained for two 
weeks in culture during which they reach structural and functional maturity (He, Zheng et 
al. 2001). PD 0-1 rat pups were anaesthetized using C0 2 according to NIH guidelines. The 
skin was cleaned thoroughly with 70% ethanol. After decapitation, both temporal bones 
were isolated and placed into L-15 media under sterile conditions. Each otic capsule was 
opened and the stria vascularis, spiral ganglion, Reisner's membrane, and tectorial 
membrane were removed from all turns of the cochlea. In addition, the otoconial membrane 
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was removed from the maculae utriculae and saculae. The isolated organ of Corti was 
divided for culturing. Subsequently, the vestibular system was finely dissected. Each sample 
of the organ of Corti and vestibular system was attached to a Cell Tak-coated coverslip in a 
culture dish. Cultures were maintained at 37° C and 5% C0 2 in DMEM F-12 supplemented 
with 7% fetal bovine serum containing 1.5 jag/ml ampicillin. 

Viral infection and histochemistry 

Cultured explants of auditory and vestibular sensory epithelia were infected with 
AAV2, AAV4, AAV5, and BAAV viral vectors using beta actin-GFP as a reporter gene 
(BD Bioscience) in 200 jil of DMEM F-12 at 37° C and 5% C0 2 for the duration of the 
experiment. For immunohistochemistry, cultures were fixed with 4% paraformaldehyde in 
PBS for 1 h at room temp, permeabilized for 30 min with 0.5% Triton X-100 in PBS, and 
the actin filaments were counterstained with rhodamine/phalloidin (0.2 U /200 ul Molecular 
Probes) for 30 min. Stained explants were removed from the culture dish and mounted 
using ProLong anti-fade media. Fluorescence images were obtained either with a Zeiss 
LSM 510 confocal microscope using a lOOx 1.4 numerical aperture objective. Image 
acquisition and post acquisition analysis were performed using NIH image and Adobe 
Photoshop. 

Statistical analyses 

Sample frames of sensory epithelia were photographed with a 40x objective. For 
each measurement, 5 independent frames from at least three explanted culture pieces were 
scored for GFP positive cells and the total number of cells was determined by scoring the 
rhodamine phalloidin positive cells. Single factor ANOVA and Student's t test analyses 
were performed using Microsoft Excel. 

Characterization of BAAV ^tFai^Au^tion^f-haiF-cells 

In order to evaluate the tropism of this non-primate bovine vector, BAAV, we 
incubated cultured explants of rat auditory and vestibular epithelia with BAAV expressing 
different reporter genes (beta galactosidase, GFP, and beta Actin-GFP). In the preliminary 
experiments we used a common reporter gene, GFP. The long, columnar shape of hair cells 
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and complex cellular architecture of sensory epithelia, however, made it very difficult to 
estimate the type and number of transduced cells based only on the diffuse cytoplasmic 
labeling. To overcome this difficulty, we used beta actin-GFP fusion protein as a reporter. 
Beta actin-GFP can selectively incorporate into hair cells stereocilia (Schneider, 
Belyantseva et al. 2002)(Rzadzinska, Schneider et al. 2004) as well as into the apical 
junctional complex of hair cells and supporting cells. This process allows a straightforward 
identification of infected cells on the surface of sensory epithelia. 

Hair cell maturation occurs during the first few days after birth. Previous studies 
have shown that for adenovirus vectors, cell tropism changed with the maturation of the 
auditory sensory epithelia (Kanzaki, Ogawa et al. 2002). The tropism and transduction 
efficiency of BAAV in developing (PD 2) and mature (PD 10) inner ear explants was 
evaluated. Analysis of fixed and counterstained developing cultures after 8 days of 
incubation with 10 10 resistant particles/ml (DNAse resistant particles (DRP)/ml) of BAAV 
revealed transduction of both hair cells and supporting cells. Inner and outer hair cells of the 
organ of Corti as well as vestibular hair cells showed incorporation of beta actin-GFP into 
stereocilia starting from their tips. This finding is identical to results obtained with 
GeneGun™ plasmid delivery (Schneider, Belyantseva et al. 2002). We also observed 
incorporation of beta actin-GFP into apical junctional complexes of transduced hair cells 
and supporting cells such as Hensen's, phalangal, interdental, and vestibular supporting 
cells. In all of the analyzed explants (n=50) we did not observe any significant changes in 
the overall pattern of the reticular lamina even after a prolonged incubation of 8 days with 
BAAV. High magnification images of hundreds of different transduced cells also did not 
reveal any signs of structural damage. Because of the cellular complexity of inner ear 
epithelia and the lack of appropriate cellular markers, we were unable to determine 
accurately the total number of various supporting cell types in an explant. We estimated that 
100% of the supporting Hensen's cells and vestibular supporting cells were transduced 
whereas approximately 40% of the phalangal and interdental cells were transduced. Hair 
cells were readily quantified by scoring stereocilia bundles and comparing them to the 
number of phalloidin stained bundles. In PD 2 cultures, BAAV successfully transfected 
10% of inner (n=773) and outer (n=189) hair cells and 48% of vestibular hair cells 
(n=2032). Previous studies suggested that hair cell competency decreased with the 
maturation stage of the hair cell (Kanzaki, Ogawa et al. 2002). Therefore, we tested 
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whether the stage of hair cell maturation influenced BAAV tropism or transduction 
efficiency. 

Qualitative analysis of PD 10 cultures incubated with BAAV revealed successful 
transfection of hair cells and the same transduction pattern observed in PD 2 cultures. The 
overall yield of transduced vestibular hair cells in the older cultures was significantly lower 
(p<0.05) than in PD 2 explants (17% in PD 10, n=1549 and 48%, n=2032 in PD 2 explants). 
Unfortunately, auditory hair cells progressively degenerate in cultures older than 15 days. 
Thus, we were unable to estimate number of infected inner or outer hair cells for these older 
cultures. Furthermore, the transduction in PD2 cultures was concentration dependent; 
increasing concentrations of BAAV vector resulted in a significant increase in transduction 
of hair cells (Fig.7). The greatest improvement in transfection yield was observed in 
vestibular hair cells where almost 50% of the hair cells were transformed after 8 days. To 
analyze if the duration of incubation with viral particles influenced the number of BAAV 
transduced cells and increased the apparent transfection efficiency, we incubated PD 2 
explants with viral particles for 5 or 8 days (Fig. 8 A -B). We observed a significantly higher 
yield (p<0.05) of transduced vestibular and outer hair cells following a longer incubation 
time (Fig.8C). The number of transduced vestibular hair cells increased from 15% on day 5 
to 48% after 8 days. Transduction of outer hair cells also increased 4-fold after 8 days but 
no significant increase of inner hair cells transduction was observed. 

This demonstrates for the first time that the present bovine adenoassociated virus 
vector can efficiently transduce developing and mature hair cells of the organ of Corti and 
vestibular epithelia as well as supporting cells of the inner ear explants. The observation that 
functionally mature hair cells of PD 10 explants can be transformed with BAAV is 
encouraging and further supports gene transfer using BAAV to transfect hair cells of adult 
animals. 

The observation that the yield crfrra^traccd: cells increased over time is consistent 
with similar observations in vivo AAV5, AAV4 (Davidson, Stein et al. 2000). Interestingly, 
closer examination of the hair bundles revealed that many of the transduced hair cells 
incorporated actin-GFP only at the stereocilia tips. Previous studies showed that beta actin- 
GFP was progressively incorporated into stereocilia starting from stereocilia tips as early as 
4-6 h after transfection using a gene gun. Within 48 to 72 h the entire stereocilia bundle is 
labeled in auditory and vestibular hair cells respectively. The presence of hair cells showing 
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incorporation of beta actin-GFP at the stereocilia tips after 8 days of incubation with virus 
may indicate that the onset of viral transduction can occur through out the course of 
experimental exposure. 

The substantial differences in transfection efficiency between supporting cells and 
hair cells prompted us to evaluate the ability of B AAV to transduce other polarized 
epithelia. We extended the panel of epithelial cell lines previously characterized by testing 
MDCK (dog kidney epithelial cell line) and caco-2 (human adenocarcinoma epithelial cell 
line) cells because of their overall similarity to inner ear sensory epithelia (Schmidt, Katano 
et al. 2004). Confluent cultures of MDCK and caco-2 were incubated with BAAV 
expressing beta actin-GFP at the concentration 10 10 DRP/ml of viral particles for 8 days. 
Surprisingly, we did not observe any transduction in MDCK cell cultures even after 8 days 
of infection; however, about 20% of caco-2 cells showed beta actin-GFP expression. 

Comparison of transduction with different serotypes of AAV 

Previous studies concluded that AAV2 could transduce cells in the inner ear 
(Luebke, Steiger et al. 2001). Therefore, tropism and transduction efficiency of BAAV 
was compared in inner ear epithelia with other well characterized serotypes of 
adenoassociated viruses; AAV2, -4 and -5. Cultured explants of rat auditory and vestibular 
epithelia (PD2) were incubated with either AAV2, -4, -5 or BAAV expressing beta actin- 
GFP at a concentration of 10 10 DRP/ml for 8 days. Confocal analysis of fixed and 
counterstained samples revealed that overall BAAV was the most effective vector for hair 
cell transduction and supporting cells in cultured inner ear sensory epithelia. With BAAV 
we counted at most 48% of the vestibular, 16% of auditory hair cells, 100% of Hensen's, 
and 40% of phalangal cells were transfected. On the other hand, cultures incubated with 
AAV2 showed transduction in 4% of inner hair cells and AAV5 transduced 1% of the 
vestibular hair cells. Transduction of supporting cells with either AAV2 or AAV5 or 
transduction with AAV4 was not observed (Fig.9). This is in contrast to several studies 
using AAV2 serotypes in adult animals have demonstrated transduction-supporting cells in 
the inner ear (Li Duan, Bordet et al. 2002). Indeed, we found that AAV2 serotypes were 
much less effective at transducing hair cells then BAAV. 
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Beta actin-GFP - an optimal reporter gene for inner ear epithelia 

Beta actin-GFP used in these studies as a reporter gene for analysis of tropism and 
infectivity of viral vectors allowed for the identification of transduced and non- transduced 
cells in surface preps of sensory epithelia based on labeling of the hair bundle. In addition, 
localization of beta actin-GFP into the apical junctional complexes of hair cells and 
supporting cells indicated borders between cells in these complex mosaics of different cells 
and simplified counting of the transduced cells. Additionally, the ability to follow turnover 
of stereocilia actin in cells expressing beta actin-GFP allows for the determination of 
initiation of expression. 

Molecular basis of specificity of AAV serotypes 

In contrast to B AAV, rAAV2 and rA AV5 were less effective at transducing hair 
cells. Our in vitro results with rAAV2 are consistent with the in vivo studies using AAV2 
since less then 2% of the hair cells were transfected (Luebke, Foster et al. 2001). Efficient 
AAV2 transduction requires expression of heparan sulfate proteoglycan on the target cell 
surface. Heparan sulfate cytochemistry indicated that hair cells do not express this 
glycoprotein residue on their apical cell surface (Luebke, Steiger et al. 2001). 
Characterization of the cellular components required for transduction with AAV4 and 
AAV5 demonstrate that both serotypes preferentially bind to 2-3 sialic acid residues but 
differ in their linkage specificity. In addition, PDGFRa or PDGFR0 have been identified as 
protein receptors for AAV5 and their expression correlates with transduction in vivo (Di 
Pasquale, Davidson et al. 2003), while sialic acid residues that have been localized to the 
stereocilia cell surface are very sparsely distributed on the apical surface of hair cells 
(Suzuki, Katori et al. 1995). Furthermore, only PDGFR alpha receptors have been localized 
to the lateral wall of vestibular hair cells and not the apical surface (Saffer, Gu et al. 1996). 
Taken together, these data are consistent with the low transduction efficiency observed with 
primate isolates of AAV2, AAV4, and AAV5. 

Summary 

BAAV has alO-fold higher transduction efficiency for neuroepithelial cells of the 
inner ear as compared to primate derived AAV serotypes. Efficient gene transfer to the 
cochlea offers both a tool needed for new therapies for deafness and the ability to study 

76 



WO 2005/056807 



PCT/US2004/040825 



specific genes and their function. The nearly 100% gene transfer in supporting cells is 
expected to be useful clinically because many genetic hearing loss diseases are caused by 
mutations which effect the supporting cell integrity.. Most importantly, the availability of a 
vector, which efficiently transduces hair cells in vivo, advances our ability to characterize 
the structure and function of the inner ear. The combination of efficiency and lack of 
adverse effects makes BAAV an exciting new vector choice for gene transfer to the sensory 
and nonsensory cells of the inner ear. 

Example 3: 

Role of Sialic acid and glycosphingolipids in BAAV transduction 

The role of sialic acid in BAAV transduction was determined by treating Cos with 
the broad spectrum neuraminidases isolated from V. cholerae, (0.05 U/ml) and a 
neuraminidase with high specificity for 2-3 sialyl linkages from S. pneumoniae (10 U/ml). 
48 h after infection with recombinant AAV2, AAV4, AAV5, or BAAV expressing GFP, 
cells were analyzed for GFP expression. Neuraminidase treatment resulted in reduction of 
BAAV transduction (Fig. 10), demonstrating the requirement for 2-3 linked sialic acid, 
bound to either a protein or lipid receptor for BAAV transduction. 

The role of glycosphingolipids (GSL) was examined in BAAV mediated gene 
transfer, by treating Cos cells for 48h with inhibitors of glycosphingolipid metabolism, 
PPMP (5(iM) and PDMP (5^iM), and analyzed the effect of GSL depletion on BAAV, 
AAV4 and AAV 5 transduction. We observed a 90% and 50 % inhibition of BAAV 
mediated gene transfer respectively, whereas AAV4 and AAV5 transduction remained 
uninhibited (Fig.l 1). This implies that the transduction process of BAAV is significantly 
different from AAV4 and AAV5, and involves GSLs that act either as receptors or as 
essential parts of the uptake machinery. 

Pfwab fm t h er detenrrmed that the receptor for BAAV rs protease resistant. Cos cells 
were incubated with 0.025% trypsin or 1 U/ml dispase for 30 min. 48h after infection with 
recombinant AAV2, AAV4, AAV5 or BAAV expressing GFP, cells were analyzed for GFP 
expression. Protease treatment resulted in reduction of rAAV2, rAAV4 and rAAV5 
transduction, while BAAV mediated gene transfer was slightly enhanced (Fig. 12), 
suggesting that either a protease resistant protein or a lipid component is essential for 
rBAAV binding and uptake. 

77 



WO 2005/056807 



PCT/US2004/040825 



Example 4: 
Transcytosis of BAAV vectors 

Previous research had demonstrated that Caco-2 and MDCK cells are model cell 
lines for the study of macromolecular transport via transcytosis. Furthermore these cell lines 
have been used to demonstrate transcytosis of both viruses and proteins. Therefore, to test if 
AAV can spread through tissue by transcytosis, 2xl0 8 DNA resistant particles of 
recombinant AAV2 (rAAV2) AAV4, AAV5, AAV6, BAAV suspended in 50ul of medium 
were placed in the upper (apical) side of the transwell polycarbonate filter over a monolayer 
of cells each of the following cells Caco-2, MDCKI, MDCKII, Human primary airways 
epithelia cells (Airway), Human primary immortalized epithelial endometrial, Bovine brain 
primary endothelia cells (BBB), or HeLa. All cultures had TERs indicating the formation of 
tight junctions and polarized phenotype. After 3 hours of incubation the medium in the 
basal side of the transwell was collected and tested for the presence of transcytosed rAAV 
DNA. Viral DNA was extracted from 200ul of basal medium and quantified by qPCR. 

In these cell lines, transcytosis was observed with several AAV serotypes and 
appeared to be both serotype and tissue-specific (Fig. 13). Three hours after the addition of 
AAV to the apical surface of the cells, over 800,000 particles of AAV5 were present in the 
media on the basal lateral side of the trans-well insert of CaCo-2 cells, but not the MDCK, 
airway epithelia, endometrial, or BBB cells (Fig. 13). Similarly BAAV particles were 
detected in the media on the basal lateral side of the MDCK, airways epithelia, endometrial, 
and BBB cells but not the Caco-2 cells. Interestingly, AAV4 was detected in the basal 
lateral media of all cell types. No virus was detected in the basal lateral media when AAV2 
was added to the apical surface in either cell type. AAV6 did not transcytose in any of cell 
types tested, and was not tested on airway epithelia or-BBB. HeLa cells do not form barrier 
epithelia and were used as a 'aRffifrl. 

Previous work has demonstrated that transcytosis is a temperature dependent process 
than can be inhibited at 4°C. Transcytosis can also be inhibited by the addition of agents 
that selectively fix the plasma membrane. Recently the addition of tannic acid, a mild 
fixative agent, to the basal lateral surface blocked the transcytosis of GPI-anchored proteins 
to the apical surface (Polishchuk R, Nat Cell Biol 2004. 6(4):297-307). Therefore the 
ability of this agent to block the transcytosis of AAV was tested. Treatment of the basal 
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lateral surface of either Caco-2 or MDCK cells prior to virus addition to the apical surface 
blocked the accumulation of AAV5 or BAAV in the basal lateral media. Furthermore, 
quantification of the intracellular virus demonstrated inhibition of exocytosis by tannic acid 
treatment dramatically increase the amount of AAV DNA in the cell suggesting the viral 
particles detected in the basal lateral media are the result of an intracellular transport 
process and not a paracellular route. 

Treatment of the basal lateral surface of Human primary airways epithelial cell 
(HAE) with tannic acid blocked the transcytosis of BAAV or AAV4 vector containing a 
GFP expression cassette from the apical surface to the basal lateral (Fig. 14). Furthermore 
transduction dramatically increased when assayed at 24 hrs post inoculation. In contrast no 
change was observed in AAV2 transduction, which did not demonstrate any transcytosis 
activity and has limited binding activity on HAE. 

To confirm the DNA detected in the basal lateral media was indeed extracted from 
intact virus, the material was tested for DNase resistance after treatment with heat, ionic 
detergent or protease. The addition of DNase alone or in combination with the ionic 
detergent deoxycholine had no effect on the viral DNA present in the media suggesting it 
was not free DNA or complexed in lipid vesicles. However, heating to 95°C prior to 
treatment with DNAase completely degraded the viral DNA present in the media. This 
profile is identical to that of the input AAV particles and suggests the viral DNA is still 
encapsulated. Titration of the DNase resistant virus in the basal lateral media on Cos cells 
gave a similar particle to infectivity ratio to the input AAV particles. 

While it would appear the AAV DNA detected in the basal lateral media is 

contained in intact particles, its presence on the basal lateral surface could be the result of 

lyses of the cells or disruption of the monolayer. Therefore the TER was carefully 

monitored throughout the course of these experiments and was not observed to decrease. To 

fur t her confirm the integrity of the cell monolayer, mixing experiments were studied in 

which two viruses with different gene cassettes were added to the apical surface at the same 

time and three hours post addition the amount of each virus in the basal lateral media was 

quantified using QPCR specific for each cassette. Both BAAV and AAV5 were able to pass 

from the apical to the basal lateral surface of MDCK or Caco cells respectively but the 

AAV2 did not. Therefore the presence of viral particles in the basal lateral media does not 

appear to be the result of a disruption in the cell monolayer. 
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Taken together this data suggest that dependoviruses particles are capable of passing 
through barrier epithelia via transcytosis and the process is both serotype and cell type 
specific. 

To further characterize the transcytosis activity observed with AAV5 and BAAV, 
transcytosis was quantified as both a time and concentration dependent event. After the 
addition of particles to the apical surface, samples were removed from the basal lateral 
media at different time points and the amount of virus was quantified by QPCR of the 
extracted DNA. Viral genomes could be detected as soon as 30 minutes after addition and 
steadily increased with time By 24 hrs, over 1/3 of the input recombinant AAV5, 
BAAVvirus added to Caco or MDCK cells respectively had been transported to the basal 
lateral surface. In contrast, none of the input AAV2 or adenovirus was detected on the basal 
lateral side after 24 hrs. 

If transcytosis is an activity used by AAV to spread through tissue, this finding 
would help explain the lack of transduction of barrier epithelia reported with some isolates 
of AAV. Primary human bronchial airway epithelia (HAE) are known to transport albumin 
from the apical to the basal lateral surface by receptor-mediated transcytosis in vivo. While 
the interaction of BAAV with primary HAE has not been investigated, AAV4, 5 are 
reported to bind to HAE, however, for AAV4, this interaction does not result in 
transduction. Because of the interaction of AAV4 with O-link sialic acid, it was proposed, 
and has been demonstrated, that mucins, which contained large amounts of Olinked sialic 
acid and are expressed on the apical surface of HAE, can block AAV4 transduction. 
Alternatively the lack of transduction could be the result of transcytosis of the virus through 
the tissue. 

To test this hypothesis, AAV2, 4, 5, BAAV were added to the apical surface of 
confluent monolayer cultures of primary human bronchial airway and transcytosis to the 
basal lateral surface was meastn^chbjrQP^'SSei^ hrs. All cultures had high TERs and 
expressed ciliated structures on their apical surface. Highly differentiated HAE cultures in 
contrast to immature cultures are resistant to transduction by adenoviral vectors due to a 
lack of integrin expression that is necessary for adenovirus entry. 

Of the 4 AAVs tested for transcytosis, AAV4 and BAAV were detected in the basal 
lateral media. No transport of AAV2 or AAVS was detected. As a control, adenovirus also 
was tested for transcytosis activity in the HAE cultures, but no transport was detected. 
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Epithelial cells that line the genitourinary tract form an important epithelial barrier 
layer and can transport proteins by transcytosis. AAV2, 4, 5 or BAAV were therefore tested 
to determine for the ability to penetrate this barrier epithelial layer by transcytosis. A well- 
characterized model of endometrial cells has been reported by Kyo et al. Following addition 
of the 4 AAVs to the apical surface, BAAV and AAV4 could be detected in the basal lateral 
media when assayed at 3hrs post inoculation (Fig. 13). 

Most AAVs were identified originally as contaminants of laboratory stocks of 
adenovirus, thus our understanding of their natural biology, cell tropism, and knowledge the 
cellular components required for virus entry is limited. For AAVS, in addition to N-linked 
sialic acid, the platelet derived growth factor (PDGF) receptors were identified as protein 
receptors for AAV5 (Di Pasquale et al., Nat Med. 2003 Oct;9(10):1306-12). This interaction 
was confirmed by modulation of PDGFR expression by transfection of expression plasmids, 
inhibitor treatment, or competition experiments with the extracellular domain of PDGFRct. 
Likewise AAV5 transduction could be blocked with sialolactosamine conjugates kaludov et 
al 2001. 

Previous research had demonstrated that transcytosis is actin dependent and occurs 
by a caviolin mediated pathway. Furthermore transcytosis can be blocked by treatment with 
tannic acid. Therefore to better characterize the transcytosis pathway utilized by AAV5 in 
Caco cells the cells were treated with a panel of agents known to block either transcytosis in 
other systems or AAVS mediated transduction. It was noted that AAVS transcytosis could 
be inhibited by filipin and nocozodol as well as treatment with tannic acid. 

Caco cells, which actively transcytosis AAV5, are not reported to express PDGFR 
and are not transduced by AAVS. In agreement, competition experiments with sPDGFRa 
had little effect on AAV5 transcytosis. Furthermore, competition experiments with 200 
ug/ml sialolactosamine or 200 ug/ml heparin did not inhibited AAVS transcytosis. 

Both BSA and transferrin are reported to transcytosis through Caco cells via distinct 
receptor mediated pathways. However competition with either agent did not inhibit AAV5 
transcytosis suggesting the AAVS could use a distinct pathway. 

In addition to confirming the intracellular nature of AAV5 transcytosis in Caco 

cells, the above experiments suggest that AAVS transcytosis is occurring by a pathway 

independent of the one described for transduction. To confirm this Caco cells were stably 

transfected with PDGFRa and assayed for both transcytosis and transduction activity. Caco 
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cells were not permissive for AAV5 transduction, however transduction dramatically 
increase following stable expression of PDGFRa. In contrast only a minor increase in 
transcytosis activity was detected in the Caco/PDGFRa cells. 

Throughout this application, various publications are referenced. The disclosures of 
these publications in their entireties are hereby incorporated by reference into this 
application in order to more fully describe the state of the art to which this invention 
pertains. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made in the present invention without departing from the scope or spirit of the 
invention. Other embodiments of the invention will be apparent to those skilled in the art 
from consideration of the specification and practice of the invention disclosed herein. It is 
intended that the specification and examples be considered as exemplary only, with a true 
scope and spirit of the invention being indicated by the following claims. 
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